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LAUD AND ENGINEERING SUBTETING. 



PART I. 



INTRODUCTION. 

Preyious authors have disagreed as to the origin of Land 
Surveying : it has been attributed to the annual inundation of 
the Nile, the deposit from which destroyed the landmarks ; it 
therefore called forth some accurate method of ascertaining the 
original boundary of individual property. 

This object was carried into eflFect in the most efficient manner 
by Euclid, a mathematician, who flourished three hundred and 
eight years before the birth of Christ ; he was so highly re- 
spected in his lifetime, that King Ptolemy became one of his 
pupils, and from that time no mathematician was found who 
had not studied in the school established by him at Alexandria ; 
even in the present day Euclid's elements are the foundation to 
our greatest mathematicians. Whoever considers the whole ex- 
tent of geometry, will find that the main design of all its specu- 
lation is mensuration ; to this the elements of Euclid are almost 
entirely devoted. 

The latter part of this century has been remarkable for its 
wonderftil march of scientific improvements, and has opened a 

B 
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2 LAND AND BNOINEERINO 8URTEY1N0. 

vast field for talent and enterprise in the »*t of land surveying, 
by the introduction of railroads, forming part of the duties of 
the civil engineer and architect 

To be a perfect surveyor, he should _be well qualified in the 
knowledge of arithmetic, geometry, mensuration, algebra, lo- 
garithms, and decimals, and be thoroughly acquainted with the 
most eminent authors on mathematics. 

The duties of a surveyor fi^uently extend beyond making a 
plan and giving the superficial area : such as disputed boundaries, 
manorial rights, exchange or the division of land, diversion and 
improvement of roads, measuring stone, quarries, drainage, and 
building materials. 

Tjond stirTe}ang may be considered to be divided into three 



First, by the chain only ; second, by the chain and the use 
of the theodolite, or other instruments for measuring angles; 
third, by trigonometry, which is chiefly performed by the theo- 
dolite and logarithmic tables. This branch is seldom required 
in ordinary survejing ; it is applied to the survey of counties, 
kingdoms, maritime surveying, and inaccessible distances. 

In all cases, whether it be a single field, estate, parish, or 
county, the triangle is the only figure adopted to lay down the 
foundation of a survey. Now, let it be remembered, a triangle 
itself has no proof of accuracy where the chain only is used, a 
fourth line must be measured from either of the two sides, or 
from one of its angles to its opposite side ; this will also apply 
to the second case, or by measuring all the three angles with 
the instrument ; the same also in the third case. 

A figure of four unequal sides, called a trapezium, could not 
be plotted unless a line was measured from the opposite comers 
or angles, dividing it into two triangles. Thw would also re- 
quire another line from either its two opposite sides, or the two 
opposite angles, to prove its accuracy. 

To obtain the accurate quantitiea of fields, all the irregular 
fences are reduced to straight lines, and then to triangles. 



INTRODUCTION. 3 

Those who have not received a preparatory knowledge of 
geometry and the higher branches of mathematics, are recom- 
mended to apply their leisure hours to the works of any of the 
following authors: Hutton, Bonycastle, Keith, &c., as only 
such portions of geometry, mensuration, and logarithms will 
be here introduced as are immediately connected with the 
subject. 

In computing the areas or contents of fields, in addition to 
the system shown by mensuration, another system will be de- 
scribed by means of a sliding scale, and will be found to be 
truly accurate and expeditious, particularly on very irregular 
boundaries. 

In order that the student may more readily comprehend the 
system of surveying by the chain only, and by the chain and 
instrument, the same field will be adopted to both. 

It is an erroneous opinion amongst many, that a straight 
line cannot be polled out, or a survey correctly made, without 
the use of a theodolite ; the student should first make himself 
thoroughly master of the chain by laying out his work by large 
intersecting triangles. There are certain cases where a theodo- 
hte is indispensable-such as a town or village, hiUy and woody 
country, aT 

The theodoUte is the most perfect instrument for surveying ; 
a box sextant will be found a most valuable auxiliary in filling 
up the details of a survey. To accompany these must be pro- 
vided a protractor, to plot the angles that are taken by the in- 
strument. These are all the instruments required for survey- 
ing—for a description of which see Part V. 

The treatise of logarithms, decimal fi-actions, and the roots, 
are extended to a greater length than was intended for this 
work ; the value of it to the surveyor will amply remunerate 
him for perseverance in obtaining a perfect knowledge of them 
from the authors before recommended. 
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LOGARITHMS. 

Logarithms are made to facilitate troublesome calculations in 
numbers, reducing the labour necessary to arrive at the same 
results. Multiplication is performed by addition ; division, by 
subtraction ; raising of powers and extracting roots, by multi- 
plication and division. 

More generally, logarithms are the numeral exponents of 
ratios ; or, they are a series of numbers in arithmetical progres- 
sion answering to another series of numbers in geometrical pro- 
gression; thus: 

0, 1, 2, S» 4, ftc, are indices of logarithms 

1, 10, 100, 1000, 10000, &c., are gcometrioal progression 

It is evident that the same indices serve equally for any geo- 
metric series; and, consequently, there may be an endless 
variety of systems of logarithms to the same common numbers, 
by only changing the second term, 2, 3, or 10, <&c., of the geo- 
metric series of whole numbers. 

The logarithms most convenient for practice are such as are 
adapted to a geometric series, increasing in a tenfold propor- 
tion as in the above form ; and are those which are found at 
present in most of the common tables on this subject. 

The distinguishing mark of this subject of logarithms is, 
that the index or logarithm of 10 is 1 ; that of 100 is 2 ; that 
of 1000 is 3, &c. And in decimals, the logarithm of 1 — 1 ; 
(placing the negative sine before the index) that of .01 is — 2 ; 
that of .001 is — 3, &c. 

Thus the logarithm of 2705 is 3.432167, the logarithm of 
tV» -rhr, Ac, will be thus : 

MATUBAL MUMBBBIl lOOAKtTBMS. 

2705 3.432167 

270.5 2.432167 

27.05 1.432167 

2.705 0.432167 

.2705 -1.432167 

.02705 -2.432167 
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To find in the table the logarithmic number to any natural 
number from 1 to 999. 

Seek in the left hand column the number, and against it is 
the logarithm required ; thus : 

Required ibe logaritbiu of 5 which is 0.698970 

15 „ 1.176091 
,, 25 ,. 1.397940 

„ 125 o 2.096910 

If the number be more than 1000 and less than 10000, seek 
in the table for the logarithmic decimal of the first three 
figures 270, as before; then take out the difierence between 
that number and the next below it 1605, multiply this dif- 
ference by the last figure 5, add this product to the logarithm 
first found, apply the index 3, it will be the logarithm re- 
quired. 
-To find the logarithm of 2705 : 

Seek in the table for the logarithm decimal of 270 . . .431364 

The difference next below 1605 

Multiplied b^ the fourth figure ....5s 803 

And add thereto the proper index to the deoimal found 3.432167 

If the fourth figure be a cypher, the decimal will be the 
same as the first three figures, to which must be applied the 
index 3. 

TO FIND THE LOGABITHM OF A VULGAR FRACTION, OR A 

BOXED NUMBER. 

Rule. Reduce the vulgar fraction to a decimal, and find its 
logarithm as before — 

The deoimal of VW = -^75 ; and the logarithm of this decunal is » -1.640978 

or, subtract the logarithm of the denominator from the lo- 
garithm of the numerator, and the remainder will be the 
logarithm, which, being that of a decimal fraction, must always 
have a negative index. If it be a mixed number, reduce it to 
an improper fraction, and find the difierence of the logarithm 
of the numerator and denominator as before. 
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Examples. 



To find the logarithm of A. 

The log. of 7 = -0.846098 
16 = -1.204120 



n 



Diff.log.ofi^ =-1.640978 



To find the logaritam of 17tt. 

First 17tt = W 
Logarithm of 405 = 2.607455 
„ 23 = 1.361728 



Diff. log. of 17H = 1.245727 



To find the natural number to any given logarithm : 
This is to be found by the reverse method to the former : 
find the proposed logarithm in the table and take out the cor- 
responJg Lnber, kTwhich the proper number of integer, 
are to be pointed ofl; viz. 1 more than the index. In finding 
the number answering to any given logarithm, the index always 
shows how far the first figures must be removed fix)m the place 
of units, viz. to the left hand or integers, when the index is 
affirmative; but to the right hand or decimals, when it is 
negative. 

If the logarithm be exactly found in the table, the natural 
number is found in the first column, thus : 

The natural number of logarithm • 1.643453= 44 

„ „ .... 2.603144= 401 

„ „ ... 3.204120 = 1600 

If the logarithm cannot be exactly found in the table, take 
the difierence of the next greater and the next less, subtracting 
the one from the other, as also their natural number the one 
from the other, and the less logarithm from the one proposed, 
thus: 

As the difference of the first tabular logarithm 

Is to the difference of thebr natural number. 

So is the difference of the given losarithm, and the last tabular logarithm. 

To their corresponding numerical difference. 

Which, being annexM to the least natural number above taken, gi? es the 



To their corresponding numerical difference, 
~luch, being annexM to the least natura 
natural number sought corresponding to the proposed logarithm. 



Example. 

To find the natural number answering to the given logarithm 
3.532708 : 

Take log. next greater .532754 number 3410 given log. .532708 
next less . .532627 number 3409 next less .532627 

127 1 81 
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Then as 127 : 100 : : 81 : 64, nearly the numerical difference, 
which, added to 3409, gives 3409.64, the number required, 
marking off two integers, because the index of the given 
logarithm is 3. 

Had the index been negative, then 3.532708, its correspond- 
ing number, would have been .340964 wholly a decimal 



MULTIFUCATION OF LOOABITHMS. 

Etde. Take out the logarithms of the factors from the 
table, add them together, their sum will be the logarithm 
required. Then from the table take out the natural number 
answering to the same for the product sought ; observing to add 
what is to be carried from the decimal part of the logarithm to 
the affirmative index, or else subtract it from the negative.* 

Also adding the indices together when they are of the same 
kind, both affirmative, or both negative, but subtracting the 
less fr*om the greater, when the one is affirmative and the other 
negative, and prefix the sign of the greater to the remainder. 

Examples. 



Multiply 83.14 by 5.068. 

Num. Log. 

The logarithm of 83.14 rnl.364368 

5.063 =0.704383 



Prodvot . 117.1347>=8.068686 

Multiply 3.908 and 597.16 and .0314788 

together. 

Nmn. Loc. 

The logarithm of 3.908 = 0.591887 

697.16 = 8.776091 
.0314788 = — 8.497935 



Multiply 8.581986 by 3.457891. 

Nmn. Log. 

The logarithm of 8.581986=0.411944 

3.457891=0.538736 



»• 



M 
91 



Product • 73.3333=: 1.866313 

Here the —8 canceb the 8, and the 1 to 
oany frcun the dedmal is set down. 



Product . 8.98648=0.960680 

Multiply 3.686 and 8.1046 and 0.8378 and 
0.0894 together. 

Num. I'Og: 

The logarithoi of 3.586 = 0.554610 

8.1046= 0.383170 
0.8378= -1.988889 
0.0894= -8.468347 



M 



Product • 0.1857618 -1.868956 

Here the 8 to carry cancels the — 8» and 
there remains —1 to set down. 



DIVISION OF LOGARTTHMS. 

Bide. From the logarithm of the dividend subtract the 
logarithm of the divisor, and the number answering to the 

* This rule is also applied to the areas of right lined figures. 
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remainder will be the quotient required ; observing to change 
the sign of the index of the divisor from affirmative to nega- 
tive, or from negative to affirmative ; then take the sum of the 
indices, if they be of the same name, or their difference when 
of different signs, with the sign of the greater for the index to 
the logarithm of the quotient ; and also when 1 is borrowed in 
the left hand place of the decimal part of the logarithm, add it 
to the index of the divisor when the index is affirmative, but 
subtract it when negative, then let the sign of the index arising 
from hence be changed, and worked with as before. 



Examples. 



Divide S4163 bj 4567. 

Nvn. I'Oi^ 

Dividend . 84163=4.883161 
Divisor 4667=3.659631 



Qaotient . 6.89078 =0.783620 
Divide .06314 bj .007841. 

NvB. Lofr 

Dividend . .06314=^8.800306 
Divisor . .007841= -3.859799 



Quotient . 8.71979= -0.940606 

Here 1 carried from the decimals to the 
—3, makes it become —9, leaves re- 
maining. 



Divide 87.149 bj 683.76 

Nan. I'Oi^ 

Dividend . 87.149=1.569947 
DiviMur . 583.76 =8.719138 



Qaotient .0709876-8.860816 

Divide .7438 bj 18.9476 

Dividend . .7438= -1.871456 
Divisor 18.9476= 1.118189 



Qaotient .057447= -8.759267 

Here the 1 taken from the —1 makes it 
become —9 to set down. 



PBOPOBTION, OB THX BULB OF THBSB. 

Rule. Add the logarithms of the second and third terms 
together, and subtract the logarithm of the first, the remainder 
will be the logarithm of the fourth term. 

Examples. 

If 8.8 be to 12 as 74 is to the fourth number, what is that number? 

To the logarithm of . . 18=1.079181 
Add the bgarithm of . . 74 1.869838 

8.948413 
Subtract the bgarithm of . 8.8=0.913814 

Answering to . 108.89=8.034699 
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Instead of subtracting one logarithm from another, add its 
arithmetical complement, the result will be the same, thus : 

To the logarithm of . . 12=1.079181 
Add the loffarithm of . . 74=1.869233 
A2idtheanth.oomp.of. . 8.2=9.086186 

The same as before . . 108.29=2.034599 

Noti, — ^The arithmetical complement of a logarithm is what it wants of 
10.000000. 

To find which, begin at the left band, and subtract each figure from 9, except the 
last on the right hand, which must be subtiacted from 10, and for every comple- 
ment which is added subtract 10 from the last sum of the indices. 

The arithmetical complement is commonlv used in trigonometrical oalcubtious, 
when radius is not the first term in the analogy. 

It is further to be noted that the arithmetical complement of anj sine is the 
same as the oo-eecant of the same number of degrees. 

Prom =10.0000000 

Subtract the log. of 4.1=0.6127839 

The arith. comp. of . 4.1= 9.8872161 



INVOLUTION. 

Involution is the raising of powers, from any given number, 
as a root ; a power is a quantity produced by multiplying any 
given number, called the root, a certain number of times con- 
tinually by itself thus : 

2=ii the root of the Ist power of 2 
2 X 2=ia the 2nd power or sauare of 2 
2x2 X 2=is the 3rd power or cube of 2 
2x2x2x2=is the 4th power of 2»fto. 



BT LOOABITHMS. 

Take out the logarithm of the given number from the table, 
multiply the logarithm thus found by the index of the power 
proposed, find the number answering to the product, and it will 
be the power required 

Noii, — Tn maltipljinir a logarithm with a negatire index br an affirmative 
number, the product will be negative ; but what is to be carried mm the decimal 
part of the logarithm will alwajs be affirmative, and tlierdbre their difference will 
DO the index ca Uie produot, and is alwajs to be made of the same kind with the 
greater. 
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Examples. 



To aqoare the number 8.5791. 

Nom. LoC> 

The log. of . 8.5791 - 0.411468 
Tlie index • . =: 3 



The power . 6.65174 = 0.888936 
To raise .09163 to the 4th power. 

NmB. Log. 

Boot . . .09163 = -8.968038 
Index . . , = 4 



Power . .000070494= -5.848158 

Here 4 timet the negatire index being 
—8, and 3 to carry the differenoe^ —5 is 
the index of the product 



To find the eube of 3.07146. 

Num. Log: 

Boot . . 3.07146 = 0.487345 
Index • • • = 3 



Power . . 88.9758 = 1.468035 
To raise 1.0045 to the 365th power. 

Nom. Log. 

Root . . 1.0045 = 0.001950 
Index , . . = 365 



Power . . 5.14938 = 0.711750 



EVOLUTION, OB EXTRACTING ROOTa 

Evolution, or the reverse of involution, is the extracting or 
finding the roots of any given power. 

Eule. Take the logarithm of the given number from the 
table, divide the logarithm thus formed by the index of the 
root, then the number answering to the quotient will be the 
root. 

Note, — When the index to the logarithm to be dirided is negstiye, and does not 
exaotlj contain the division without some remainder, increase the index bj sach a 
number as will mi^e it exaotlj diyisable, bj the index carrring the unitj arrowed 
as so many times to the left lumd place of the decisMd^ and thus diride as in whole 
numbers. 



Examples. 



To find the square root of 366. 
Power 365 . . 8)8.568893 

Boot 19.10496 . 1.881146i 

To find the \/ of .093. 
Power .093 . 8) -8.968483 

Root .304957 . -1.484841^ 

Here the divisor 8 is contained exactly 
once in the negative index —-8, and there- 
fore the index of the quotient is — 1. 



To find the 3rd root of 18345. 
Power 18345 . . 3)4.091491 



Root 83.1116 . • 1.363830( 

To find the \/' of .00048. 
Power .00048 . 3) -4.681841 

Root .0788973 . -8.893747 

Here the divisor 3, not beinf exactly 
contained in — 4, it is augmented by 8 to 
make up 6, in which the divisor is contained 
two times ; then the 8 Just borrowed being 
carried to the decimal figure 6, &c., makes 
8.68184, which divided by 3 gives .893747. 
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BIKES AND TANGENTS. 

The tables (both logarithmic and natural) of sines and tan- 
gents are calculated to every five minutes of a degree, by which 
all trigonometrical operations are performed. 

The degrees descend from the top to the bottom, that is, from 
to 90 ; the minutes are placed in the top column. 

The co-sine, co-tangent, Ac, reads fi^)m the bottom upwards. 
To find the logarithm of any sine, etc., to 5 minutes of a degree, 
look in the table for the degrees in the first column on the left 
hand, and the minutes on the top, opposite to which will be the 
logarithm required, thus : 

The log. sxne of • . 25 J5 =;. 9.639223 

„ „ . . . 140. = 9.808068* 

The DAtoral une of . 20.16 = J346117 

The log. Ungent of . . 20.15 = 9.666932 

To find the logarithm of any intermediate minute, take the 
difierence of the logarithm next less and next greater, multiply 
this difference by the number of intermediate minutes, and 
divide the product by 5. 

Add the quotient to the foregoing less logarithm, the product 
will be the logarithm required, nearly. 

Beqnired the sine of 20* 18' 

The Uhular logarithm of 20* 16' =: 9.639223 

Difference between this and the next logarithm • 1708 

Difference between minutes • • • . • 3 

6)612i 

1026 



9.640248 



Jo find the degrees and minutes to any logarithm, seek in the 
table for the logarithms, on the top for the minutes^ and on the 
left for the degrees as before, will give the degrees and minutes^ 
nearly. 

If the logarithm should not agree with any degree and 
minute in the table, find the next greatest and next less, and 
take their difference, thus : 

* The angle exceeding W look for W in the 2nd column of co-sine. 
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As this difference is to 5 minutes, so is the difference between 
the given logarithm and thai next lesa to a fourth number of 
minutes. 

Add l^is fourth number to the minutes in the less logarithm, 
it will be the d^;ree and minutes required. 

Required the de^;ree8 and minutes of the sine answering to 

9.540248: 

'Oui neit lew logaritbm .... 9.639833 = S0° 16' 
The next gnttr 9.540931 = 80° Stf 

The differenoe 001708 

Given h^arithm .... =9.540848 
Neit leu Ic^thm . =9.639893 

DiSaienoe .001035 

Then as 1708: 5 :: 1025: 3 minutes, which, added to the 

less logarithm 20.15, will give 20^ 18' for the sine required. 

DECUCAL FBACTION& 

A decimal firaction derives its name from the Latin, decern 
(10), which denotes the nature of its numbers, representing the 
parts of an int^pral qmmtity, divided into a tenfold proportion. 

NuHEBATiON. — ^Teaches to read and write any number pro- 
posed, either by words or characters,' 

In decimal fi*action8, the integer, or whole tiling, as a gallon, 
a pound, a yeid, an acre, &c., is supposed to be divided into 
ten equal parts, called tenths ; those tenths into ten equal 
parts, called hundredths ; and so on without end. 

So that the denomination of a decimal being always knqwn 
to conust of an unit with as many cyphers as the numerator 
has places, is therefore never expressed, being understood to be 
10, 100, 1000, (fee., according as the numerator constets of 
1, 2, 3, 4, or more figures. Thus, instead of -^, -^\, -^^j the 
numbers only are written with a full point before them, thus : 
.2 .24 .211. 

If a unit of any kind, as an acre, a gallon, &c., be divided 
into ten equal parts, then the decimal represents as many of 
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those parts as the decimal figures express ; thus : .7 means seven 
of those parts, or seven-tenths. If the decimal consists of two 
figures, unity would be understood to be divided into a hun- 
dred equal parts, of which the decimal represents as many as 
the figures express, thus : .65 means 65 of those parts, or sixty- 
five hundredths ; if the decimal consisted of three figures, it 
would be a thousand equal parts, .625 is six hundred and 
twenty-five of those parts ; or if the decimal .0625, unity would 
be divided into 10,000 equal parts. The value of the figures 
are more clearly described by the following table : 

Tenths .5 

Hundredths .56 

Thousandths 567 

Ten thousandths 5678 

Hundred thousandths 56789 

Thus : .5 is read five-tenths, .56 is read fifty-six hundredths, 
.567 thousandths, and so on, as in the table. 

Cyphers to the right hand of decimals cause no diflference in 
their value, as .5 .50 .500 are decimals of the same value, being 
each equal to ^; that is, .5 = y\, .50 = ^5^, .500 = ^^Vir. If 
cyphers are placed on the left hand of decimals, they diminish 
their value in a tenfold proportion, thus : .3 .03 .008 are three 
tenths, three hundredths, three thousandths, and answer to the 
vulgar fractions, -^^ y^^, y^^, respectively. 

A whole number and decimal are thus expressed: 8.75, 
85.04, &c. 

When decimals terminate after a certain number of figures, 

they are caUed finite, as 125 = -jV?rV = i> 958 = yV5V = ili- 
When one or more figures in the decimals become repeated, 

it is called a repeating or circulating decimal; as, .333333, &c., 

= -1-, .666666, &c., =i, .428571428571, Ac, =a, and many 

others. 

NoU. — A finite decimal may be considered as infinite, bj making cyphers to 
recur, as they do not alter the value of the dedmaL 

In all operations, if the result consists of several nines, reject 
them, and make the next superior place an unit more ; thus for 
26.25999, write 26.26. 

In all circulating numbers dot the last figure, as 8.54666. 
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ADDITION OF DECIMALS. 

Rule. Arrange the numbers under each other, according 
to their several values, find the sum as in addition of whole 
numbers, and cut oflf for decimal as many figures to the right 
hand as there are decimals in any one of the given numbers. 

Examples. 

What is the sum of 28.45, 7.849, 543.2, 8.6284, 258.004. 

^7 849 ^^ ^^y ^^ *^^ decimals be repetends, continue them 
^^'S22a l>^yo^d the others, and make them end together; 
253.004 then in adding, increase the sum of the first column 
836.1264 by as many units as there are nines therein, as — 

•76 . Here the first sum contains 18, two nines ; there- 
18888 fore 2 added to 18 = 20 ; the rest of the work is the 
'ilL same as usual in others. 

jg25o ^^ some of the decimals be repetends, and others 

circulates, continue them both beyond those that are 

finite, and until their periods end together ; then to the sum of 

the first column add as many as would arise to carry on the 

sum, thus: 

*-6 The repetend of .6, the circulate of .69, and .872, 

7!696069 continued until their periods end together. It may 

14.372372 easily be observed that there would be 1 to carry to 

28.236008 the first column if it were carried any farther. 

Note, — ^It is alwajB neoessarj to attend to the rules for repetends and eircu- 
lates ; three or four decimal figures, aooording to the rule, being sufficiently near 
the truth for oommon calculations. 

SUBTRACTION OF DECIMALS. 

Itule. Place the numbers according to their value, subtract 
as in whole numbers, and cut ofi^ for decimals as in addition. 

Example. 

Subtract 35.87043 from 132.005. 
132.005 If both be single repetends, make them end to- 

u5. 0/0x3 1 /» 

gether : and if there be occasion to borrow at the first 



figure, borrow 9 only, instead of 10, thus : 
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i^fi ^^ ho^ be circulates, or one a repetend and the 
other a circulate, continue both until their periods 



1 AftA 

end together : and if there should be occasion to 

borrow at the foUowing figure, where they continued that 

figure farther, carry 1 to the first figure, and if the numbers be 

in different denominations, reduce them until they are alike. 

Subtract fH from If. 

200000 -^ 3 = 1.666666 
834000 -^ 999 = .834834 



.831831 



MULTIPLICATION OP DECIMALS. 

Bute. Place the factors under each other, and multiply 
them together as in whole numbers: then point off as many 
figures from the product (counting from right to left) as there 
are decimal places in both factors : observing if there be not 
enough, to annex as many cyphers to the left hand of the pro- 
duct as will supply the deficiency. 

Example. 
Multiply .2715 by .253. 

.2715 In this example the product is .686895 : the num- 
ber of decimals in the multiplicand are 4, and the 



13675 multiplier 3, equal to 7, therefore a cj^her must be 
il^— placed on the left hand of the product to reduce it to 



.0686895 itg proper terms. 

To multiply a repetend by a smgle figure, add 1 to the first 
product for every 9 therein, so will you have a repetend in the 
product ; if there be several figures in the multiple, do so with 
each product, and continue them until they end together ; then 
add them as so many repetends. 

If the multiplicand be a circulate, consider the increase that 
would arise to the first product if the multiplicand was con- 
tinued farther: thus do with each product, make them end 
together, and add them by the rule for adding circulates. 
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When any number of decimals are to be multiplied by 10, 
100, 1000, &C.J remove the separating point in the multiplicand 
so many places towards the right hand as there are cyphers 
in the multiplier; thus: .678x10 = 6.78, .678x100 = 57.8, 
.678 X 1000 = 678. 

DIVISION OF DBCIMALS. 

This rule is also worked as in whole numbers ; the only diffi- 
culty is in valuing the quotient, which is done by any of the 
following rules : 

Btde 1. The first figure of the quotient is always of the 
same value with that figure of the dividend which answers or 
stands over the place of units in the divisor. 

2. The quotient must always have as many decimal places 
as the dividend has more than the divisor. 

Noie 1. — ^If the divisor and dividend have both the same number of decimal 
parts, the quotient will be a whole number. 

2. — If the dividend has not so many places of decimals as are in the divisor, 
then so many Cfphers must be annexed to the dividend as will make them equal ; 
the quotient will then be a whole number. 

3. — But if when the division is done, and the quotient has not so many figures 
as it should have places of decimals, then so many cyphers must be prefixed as 
there are places wanting. 

Examples. 

Divide 5.714 by 8275. 

5.714 ^ 8276 = .00069 

In tliis example the quotient was defi- 
cient in the number of decimals required, 
and are placed on the left hand. 



Divide 173.5425 by 8.75. 
173.5425 H- 8.76 ^ 46.278 

Divide .14866 by 2.476. 
.14856 -7- 2.476 = .6000 



When numbers are to be divided by 10, 100, 1000, &c., it is 
performed by placing the separating point in the dividend so 
many places towards the left hand as there are cyphers in the 
divisor, thus : 

5784 -r- 10 = 578.4 I 6784 -J- 1000 = 5.784 

6784 -f- 100 = 57.84 | 6784 -r- 10000 = .5784 

REDUCTION OP DECIMALS. 

By reduction we change vulgar fractions, and the lesser parts 
of coin, weights and measures, &c., into decimals, and find the 
value of any decimal given. 
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Because decimals increase their value towards the left hand, 
and decrease their value towards the right hand, in the same 
tenfold proportion with integers, or whole numbers, they may 
be annexed to the whole numbers and worked in all respects as 
whole numbers ; and if simple arithmetic be well understood, 
there is little more to be learned than the placing of the 
separating points, the rule for which ought to be well at- 
tended to. 

To reduce a vulgar fraction to a decimal of an equal value. 

JRule. Add a cypher or cyphers to the numerator, and 
divide by the denominator, the quotient will be the decimal 
required 

Example. 

Reduce ^V *^ * decimal : 

7.0000 ^ 16 = .4375 

Thus you may take any number of cyphers at pleasure, but 
their number will be best ascertained when the work is finished, 
then you must have as many decimal figures as you have taken 
annexed cyphers in dividing, and if there are not so many in 
the quotient, you may prefix cyphers to the left hand of the 

product, thus : '-^ = .03125, 

Sometimes the quotient figures will repeat continually, as -}• 
thus ^ = .666, then it is called the repetend, and the last 
figure may be dashed or marked, to distinguish it from a 
terminate decimal 

Sometimes two, three, or more figures will repeat, as ^ thus 
^ = .3636, such are called compound repetends, or circulates, 
and the first and last figure may be dashed or marked. 

To reduce the lesser parts of coin, weights and measures, (fee, 
to a decimal. 

JRtde. Divide the least name by such number as will reduce 
it to the next greater ; to the decimal so obtained prefix the 
given number of the same name, then divide by such number 
as will reduce it to the next greater ; always annex cyphers to 

c 
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the dividend aa occasion may require, then proceed till it be 
reduced to the decimal of the required integer ; or reduce the 
given parts to a single quantity, by reducing them to the lowest 
name mentioned; amiex cyphers thereto, and divide by such 
numbers as will reduce them to the name required ; or reduce 
the given parts to a vulgar fraction, and that fraction to a 
decimal 

Example 1. 

Reduce ITs. 10^ to the decimal of a pound sterling : 

^ = 5 + 10d. = l^ = .S75 + 17.. = ^^ = .89875 

Example 2. 
Reduce 2 ft. 9 in. to the decimal of a yard : 

83 33.0000 _ 

36 36 - '^^^ 

To find the value of any given decimal 

Ride. Multiply the decimal given by the number of parts 
of the next inferior denomination, cutting o£f the decimals 
from the product; then multiply the remainder by the next 
inferior denomination ; thus proceeding till you have brought 
the least known parts of the integer. 

Example 1. 
Required the value of .89375 of a pound sterling : 

.89375 
20 



17.87500 
13 

10.50000 

4 



2.00000 = 178. lOjd. 

Example 2. 
Reduce .625 of a hundred-weight to its proper term : 

.625 X 4 = 2.500 x 28 = 14.000; or 2 quarters and 14 lbs. 
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LOGABITHMS, SINES, AND TANGENTS. 

The radius or logarithmic sine of 90 is 10. Of the natural 
sine is 1. The tangent of 90, whether natural or logarithmic, 
is infinite. 

To find the logarithm of any sine, tangent, &c. : 
Look for the degrees in the first column, and for the minutes 
on the top line, opposite to which will be the logarithm re- 
quired. And in the same manner will the measure of an angle 
be found in degrees and minutes by referring to the table.* If 
the logarithm should not agree with the degree and minutes in 
the table, seek in the table for that which is next less and next 
greater, and take the difference, thus : 

As this difference is to 3 minutes. 

So is the difference between the given logarithm, and the next less 
Is to a fourth number of minutes, 

Add this fourth number to the minutes m the less logarithm, and it will be the 
degree and minute required. 

Example. 
What degree aad minute of the sine «wers to 9.467996 : 

o f 

The next less logarithm is . . • 9.467585 = 17 . 4 
The next gr^er logarithm . . . 9.468407 = 17 . 6 

Difference .... 822 

The given logarithm .... 9.467996 
The next less logarithm . . . 9.467585 

Difference 411 

tab. diff . miiL oiher diff . miiu 

As 822 : 3 : : 411 : 1 which minute add to 17° 4' the 
less logarithm, will be IT 5', the sine required. 

OF THE SQUABE BOOT. 

When a number is multiplied by itself as 6 x 6 or 9 x 9, 
&c., it produces the square or second power of that number, 
and the number itself is called the root of that square. 

* The same numbers are also the co-sines and co-tangents, reading from the bottom 
of the table. 

C2 
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A root consisting of a single figure is found by inspection of 
the following table : 



Boots . 


1 


a 


3 


i 


S 


6 7 


« 


» 


Sqa&res . 


1 


4 


9 


16 


S5 


36 j 19 


6« 


81 


CabM. . 


1 


8 


sr 


64 


,« 


216 i3i3 


S13 


729 



To extract or find the square root of any number which con- 
MSts of more figures than one, observe the foUowing rule ; 

Divide the pven number into periods of two figures each, by 
setting a point over the place of units, another over the place 
of hundredths, and bo on over every second figure, both to the 
left hand in integers and to the right hand in decimals. 

Find the greatest aquare in the first peiiod on the 1^ hand, 
and set its root on the right hand of the given numbw, after 
the manner of a quotient figure in division. 

Subtract the square thus formed from the said period, and to 
the remainder annex the two figures of the next following 
period, for a dividend. 

Double the root above mentioned for a divisor, and find how 
often it is contained m the said dividend, exclusive of its right 
hand figure, and set that quotient figure both in the quotient 
and divisor. 

Multiply the whole augmented divisor by this last quotient 
figure, and subtract the product from the said dividend, 
brin^g down to the next period of the given number, for a 
new dividend. 

Repeat the same process over again — viz. find another new 
divisor, by doubling all the figures now found in the root; 
from which, and the last dividend, find the next figure of the 
root as before ; and so on through all the periods to the last 

ffole. — Tlie best w&j of doublins the root, to form the new divisora, is bj 
addins tbe lut fispire alwijs to the last divisor, as appetrs in the following 
examples. Also, auer the figures belonging to the given, number sre all exhsustea, 
the operatioD nuT be ooutinued into decimals at pleasDre, b; adding uxj number 
of periods of cTpners, two in each period. 
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Examples. 



To find the sqmra root of 17.3056, 

17.3056(416 the root; in which the 
16 number of decimal places 

— is the same as the namber 
81 ) ISO of decimal periods into 

1 81 which the gtven number 

was divided. 

896) 4956 

4956 



To find the sqnan root of A* 
A *= .416666 

.41666606454 
36 

1S4) 566 
496 

1885) 7066 
6435 

19904) 64166 
51616 



19550 



In cases whero the sqnaro roots of all 
the integers up to 1000 are tabulated, such 
an example as the above may be done more 
easily by a little reduction. Thus : 



^19 ^ \ 19 19 / ^ 



144 



To find the sauare root of 9, to six 
decimala. 

9.(i.4i4913 the root 
1 

94) 100 
96 

981) 400 
981 

9894) 11900 
11996 



98989) 60400 
56664 



989841) 383600 
989841 



9898493) 10075900 
8485969 



1590631 



19 



\/60 = 



7.746967 
19 



:= .646497, ftc. 



CUBE AND HIGHXB BOOTS. 

The rules usually given in books of arithmetic for the cube 
and higher roots are very tedious in practice ; on which ac- 
count it is advisable to work either by means of approximating 
ruleS} or by means of logarithms. 

We shall merely point out here Dr. Button's approximating 
rule for the cube root, which may sometimes be serviceable when 
logarithmic tables are not at hand. 

Ride. By trials take the nearest rational cube to the given 
number, whether it be greater or less, and call it the assumed 
cube. 

Then say, by the rule of three, as the sum of the given 
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or value of 1/., which being multiplied by the annuity 23/., 
will give 242.42, or 242/. Ss. 4jd. the value. 

Mule. For finding the value of the dedmal proportion of a 
pound in shillings, pence, and farthings (see page 18). 

See Inwood's Tables on Valuing Estates, &c. 



Explanation of the algebraic signs or symbols generally used 
to shorten productive numbers of figures, in all sorts of calcu- 
lations. . 

Algebra is a general computation, in which abstract quan- 
tities are represented by letters and their connexion pointed out 
by means of certain characters or symbols. It is one of the 
most important branches of mathematical science. 

= signifies equality, 9 added to 4 is equal to 13. 

-f „ plus or more, as 9 added to 4 is equal to 13. 

— „ minus or less, as 4 from 8 is equal to 4. 

X „ plus or multiply by, as 9 by 5 is equal to 45. 

— „ division, as 45 divided by 9 is equal to 5. 
y/ „ the square root, as y/9 is equal to 3. 

v/* „ the cube root, or 3"^ power, as ^64 equal 4. 

3' „ that 3 is to be squared, as 3 is equal to 9. 

3' „ that 3 is to be cubed, as 3^ is equal 27. 

^ ^ „ the bar, or vinculum, denotes that two or 

more are to be taken together, as 
4 X ^T3'= 36, and 
\/6' — 3* = 5 denotes that 3 squared, subtracted from 6 squared, 

and the square root extracted, is equal 
to 5. 

^ „ that 45 18 to be divided by 9 ; this charac- 

ter is commonly used in vulgar fractions. 
Also the two signs may be used in like 
manner, thus : j^ = ~ = .5. 

4 : 6 : : 8 : 12 called proportionals ; as 4 is to 6, so is 8 to 12. 
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PRINCIPLES OF GEOMETRY. 

Geobietby, originally signified according to the etymology of 
the name, the art of meaauring the earth, but it is now the 
science that treats of and considers the properties of magnitude 
in general It is divided into two parts, theoretical and 
practical 

Theoretical geometry considers and treats of first principles 
abstractedly. Practical seometry applies these considerations 
.0 d.e vJo» p„TK»« rf l^Syy^c^ geo,net,y rn^y 
operations are performed of the utmost importance to society 
and the arts. 

Now the whole numeration of figures may be reduced to the 
measure of triangles, which are always the half of a rectangle 
of the same base and altitude, and consequently their area is 
obtained by taking the half of the product of the base, mul- 
tiplied by the altitude, or the whole base by half the altitude. 

By dividing a polygon into triangles, and taking the value of 
these, that of the polygon is obtdned ; by considering the circle 
as a polygon with an infinite number of sides we obtain the 
measure thereof to an approximation. 

The theory of triangles is, as it were, the hinge upon which 
all geometrical knowledge turns. 

All triangles are more or less similar, according as these 
angles are nearer to, or more remote from, equaUty. 

The similitude is perfect when all the angles of one. are 
respectively equal to those of another, aU the sides then are 
proportional 

The angles and sides determine the relative and absolute size 
of a triangle. 

Strictly speaking, angles only determine the relative size; 
equiangular triangles may be of very unequal magnitudes, yet 
perfectly similar. 
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But when they are all equilateral, the one having its sides 
equal to the corresponding sides of the other, they are not only 
similar and equiangular, but are equal in every respect 

The angles, therefore, determine the relative species of the 
triangle, the side its absolute size, and consequently that of 
every other figure, as all are resolvable into triangles. 

Yet the essence of a triangle seems to consist much more in 
the angles than the sides, for the angles are the true, precise, and 
determined boundaries thereof; their sum is always fixed, and 
equal to two right angles. 

The sides have no fixed equation, but may be extended from 
the infinitely little to the infinitdy great without the triangle 
changing its nature and kind. 

ItTLn. the ti.eo^ of UoperimeMcal figu«.. th.. we fee. 
how efficacious angles are, and how inefficient lines, to deter- 
mine not only the kind but the size of the triangle and all kinds 
of figures. 

For the lines still subsisting the same, we see how a square 
decreases in proportion as it is changed into a more oblique 
rhomboid, and thus acquire more axjute angles. 

The same observation holds good in aU kind of figures, 
whether plane or solid. 

Of all ifloperimetrical figures the plane triangle and soUd 
triangle, or pyramid, are the least capax^ious, and amongst these 
those have the least capacity whose angles are most acute. 

But curved surfiu^es and curved bodies, and among curves 
the circle and sphere are those whose capacities are the largest, 
being formed, if we may so speak, of the most obtuse angles. 

The theory of geometry may, therefore, be reduced to the 
doctrine of angles, as it treats only of the boimdary of figures, 
and by angles the ultimate boundary of all figures are formed ; 
the angles give them their figure. 

Angles are measured by the circle ; parallel lines are the 
source of all geometrical similitude and comparison. 

^ Isoperimetrical figures are such as have equal circumferences. 
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Taking and measuring angles is the chief operation in prac- 
tical geometry, and of great use and extent in surveying, navi- 
gation, geography, astronomy, &c. 

And the instruments generally used for this purpose are 
quadrants, sextants, theodolites, circumferentors, &c., as de- 
scribed hereafter. 

DEFINITIONS. 

The first definition in geometry is a point, which has position, 
but no parts or dimension. 

Note, — ^In siunreymg, a point or station is of importance, as between the bqrin- 
ning and end of a line there are frequently several points or stations, at which otlier 
lines oommence or end ; on the accuracy in fixing these points in position or in a 
straight line the whole surrey depends. 

A surface or superfices is that magnitude or quantity which 
is comprehended imder two dimensions, length and breadth, 
without any regard to depth, and, therefore, bounded by lines 
only ; so when the measure of a field, building, Ac, is made, it 
is taken for the surface only. 

A cubic or solid body is that which is contained under three 
dimensions; length, breadth, and thickness, or depth, is when 
we measure a block of stone, wood, quarry excavation, em- 
bankment, &c. 

Lines are either parallel, oblique, perpendicular, or tangential ; 
parallel lines are those which have no inclination to each other 
and never meet, though ever so far produced. 

No4e, — ^In surveying and plotting, to draw or pole out a straight line is of the 
utmost importance; however simple it may appear, it is difficult. If the base 
lines of a survey are not most accurately poled out straight, no matter how 
accurate they may be chained, it will affect the whole survey, as all other linea 
that terminate or intersect it will be either too short or too long. The same 
applies also to plotting the survey on paper; the straight edge or rule should 
always be tested by drawing a fine pencil line on the paper, and reversing the 
edge. 

Angles are either right, acute, or obtuse. 

A figure of three sides is called a triangle, and receives 
particular denominations from the relation of its sides and 
angles. 

An equilateral triangle is that whose sides and angles are all 
equal. 
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An isosceles triangle is that which has two of its sides and 
angles equal, and one side greater or less. 

A scalene triangle is that whose three sides and angles are all 
unequal 

A right angle triangle is that which has one right angle, or 
one line, perpendicular to another. 

In a right angle triangle the side opposite to the right angle 
is called the hypothemese, the other sides the base and perpen- 
dicular. 

An obtuse angled triangle has one obtuse and two acute 
angles. 

An acute angled triangle has all its three angles acute. 

A figure of four sides and angles is called a quadrangle or 
quadrilateral. 

A paraUelogran^ is a quadrilateral having both its opposite 
sides parallel, and all the angles right angles. 

A rectangle is a parallelogram whose opposite sides are equal 
and parallel to one another, and all the angles right angles. 

A square or tetragon is an equilateral rectangle having all its 
sides equal and parallel to one another, and all its angles right 
angles. 

A rhombus is a parallelogram whose sides are parallel and 
equal in length to each other, and the opposite angles equal to 
each other, forming two obtuse angles and two acute angles. 

A rhomboid is a parallelogram whose opposite sides are 
parallel and equal to one another, also the opposite angles are 
equal to each other. 

A trapezoid has two sides parallel to each other, and of dif- 
ferent lengths, both perpendicular to one side ; it has two right 
angles, the other two angles are obtuse and acute. 

A trapezium is a quadrilateral whose sides and angles are all 
unequal to one another. 

A diagonal is a line joining any two opposite angles of a 
quadrilateral 

Plane figures having more than four sides are called polygons, 
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and receive particular nameSy according to the number of their 
aides and angles, thus : 

A pentagon has 5 sides, hexagon 6 sides, heptagon 7 sides, 
octagon 8 sides, nonagon 9 sides, decagon 10 sides, undecagon 
11 sides, duodecagon 12 sides. 

A regular polygon has all its sides and angles equal to one 
another. 

An equilateral triangle is also a regular polygon of three 
sides, a square is one of four sides, the former being called a 
trigon, the latter a tetragon. 

The sum of three angles of every triangle is equal to two 
right angles, or 180 degrees. 

The sum of two angles in any triangle taken from 180 
degrees leaves the third angle. 

In a right angled triangle, if either acute angle be taken from 
90 degrees, the remainder wiU give the other acute angle. 

When the sine of an acute angle is required, subtract such 
obtuse angle firom 180 degrees, and take the sine of the 
remamder. 

The circle is a plane figure bound by a curve line, called the 
circumference (it is often called the periphery), and is divided 
into 360 equal parts, called degrees ; each degree is divided into 
60 equal parts, called minutes, each minute into 60 equal parts, 
called seconds, the next thirds, and so on. Degrees are ex- 
pressed by a small ^ over the number, minutes by one dash ', 
seconds by two dashes ", thirds by three dashes '", and so on in 
progression, as thus: 45® 14' 10' 4'" reads forty-five degrees, 
fourteen minutes, ten seconds, and four thirds. 

The diameter is a line drawn through the centre of a circle 
to the circumference on both sides. 

An arc of a circle is any part of the circumference. 

A chord is a right line joining the extremes of an arc. 

A segment is any part of a circle bounded by an arc and its 
chord. 

A semicircle is half the circle cut off by the diameter, equal 
to 180 degrees. 
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A sector is any port of the circle bounded by an arc and two 
radii, drawn from the centre to its extremities. 

A quadrant, or quarter of a circle, is a sector having a 
quarter of the circumference for its arc, and its two radii per- 
pendicular to each other, equal to 90 degrees. 

The height or altitude of a figure is a perpendicular let 
fall from an angle, or its vortex, to the opposite side of the 
base. 

The complement of an arc, or an angle, is its difference from 
a quadrant, or what it wants of 90 degrees. 

The supplement of an arc, or an angle, is its difference from 
a semicircle, or what it wants of 180 degrees. 

The sine of an arc is a line drawn from one extremity of an 
arc, perpendicular to the diameter. 

The versed sine of an arc is that part of the diameter inter- 
cepted between the arc and its sine. 

The tangent of an arc is a line drawn perpendicular to the 
diameter, touching the circumference. 

The secant of an arc is the line proceeding from the centre, 
and limiting the tangent of the same arc. 

The chord of an arc is a line touching the extremities of the 
arc. 

The chord of 60"* is the sine of 90^ ; 

The versed sine of 90° ; the tangent of 45° ; 

The secant of 0° ; are all equal to radius. 

Noie, — ^The co-sine, &c., is the abbreyiation of complement. — See Trigonome- 
trical Cannon, Fig. 1, Plate 27. 



LINES. 

Problem 1. 



To draw a line parallel to another, Plate 1, Fig. 1. 

Take the distance required in the compass, from two or three 
points on the line A B, describe arcs as a 6 c, draw a line 
touching those arcs will be the parallel line required. 
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Problem 2. 

Another method when the line is to pass through a given 
point, C, Fig. 2. 

From C draw a line at pleasure to B, with any radius describe 
the arc A a, with the same radius describe the arc be; then 
take the distance A a, with the same distance from b, intersect 
the arc at c, and draw the line C c, the parallel line required. 

Problem 3. 

To draw lines parallel to the curve ABC, the centre being 
given, Fig. 3. 

Bisect A B and B C, and draw the perpendiculars D E and 
F G ; then draw the lines A D, D G, G C ; with the radius A D 
describe the arcs A B and B C ; then with the radius D E 
describe arc E, with the same radius and centre G describe the 
arc F, and with the radius D H describe the arc H, and also 
from G the arc I, will complete the three parallel lines re- 
quired. 

Problem 4. 

To bisect or divide a line into two equal parts, Fig. 4. 

From A and B as centres take in the compass any distance 
pester than ^ ^i de^ribe ^ inter^g e«/c*her, .. 
at a and b ; draw a line through those points, cutting A B at c, 
the point of division required. 

N.B.-—A perpendicular on any part of a line may be found by the same nde. 

Problem 6. 

To raise a perpendicular from a given point, C, on the line 
AB, Fig5. 

At C with any radius describe the arc abc; with the same 
radius from a intersect the arc at i ; from b with the same 
radius draw the arc c/ c ; also with the same radius from c inter- 
sect those arcs at 6 d; draw the line d C, will be the perpen- 
dicular required. 
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Problem 6. 

Another method when the point is at the end of the line A B, 
Fig. 6. 

Take in the compass any distance, and describe the arc abc\ 
then draw a line through a and the centre of the arc at d^ 
intersecting the same arc at c ; then through c, and the point of 
intersection at h^ draw the perpendicular 6 c. 

Problem 7. 

Another method to let fall a perpendicular from a given point 
near the middle of a line, Fig. 7. 

From A with any radius describe the arc b c ; with the same 
radius describe the arcs intersecting each other at d ; draw the 
line A d, the perpendicular required. 

iVo/^.— Perpendiculars are more readily drawn by a protractor.— Sw Instm- 
ments, or a Right Angle Square. 

Problem 8. 

To find a mean proportion between two lines, as A B and 
B C, Fig. 8. 

Draw a line, on which set off A B and B C ; bisect A C in 
a ; with the radius A a or a C describe the arc Abe; firom the 
point B raise a perpendicular, intersecting the arc at b ; draw 
the line b B, the length of the mean proportion required. 

Problem 9. 

To draw a line or scale equal in proportion to another, A B 
the given scale, B C the given line to be divided, Fig. 9. 

From B draw the line B C at pleasure, and set off the given 
distance ; divide A B into the required number of parts, draw 
the line A C, parallel to which draw lines through each division 
on A B, cutting C B, which wiU be the divided proportion 
required. 

Problem 10. 

To divide a line or scale into any number of equal parts, 
Fig. 10. 
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Given the length of the line A B, to be divided into five 
equal parts. Draw the line C D, on which mark off the given 
number of parts ; with the radius C D describe arcs intersecting 
at a ; firom a, draw the lines a C and a D ; then with the radius 
of the given length A B firom a, set off A and B ; draw lines 
firom a, to the division^ on C D, cutting the line A B into the 
required number of parts. 

Problem 11. 

To divide a line or scale A B into eight equal parts, Fig. 11. 

From A draw the line A 6 at pleasure, and from B draw the 
line B c parallel to A 6 ; firom A set off seven equal divisions, 
and the same number on the line B c ; draw lines from the 
corresponding numbers, and the intersections on A B will be the 
required divisions. 

ANGLES. 

Angles are usually expressed by three letters ; that placed at 
the angular point is always in the middle, as E is the angle of 
AEDorBED, Fig. 16a. 

An angle is the inclination of two lines meeting in a point 
called the vertex, and is of a certain number of degrees, or part 
of the circumference of a circle. Angles are of three kinds. 

A right angle is when one line is perpendicular to another 
equal to 90 degrees, or the fourth part of a circle, as A B C, 
Fig. 12, Plate 1. 

An acute angle is that which is less than a right angle, as 
ABD. 

An obtuse angle is that which is greater than a right angle, 
or more than 90 degrees, as D B E. 

Problem 12. 

To draw an angle equal to another. Fig. 13. 
With any radius in the compass describe the arc B C ; set off 
the length A B ; then with the compass take the distance B C ; 

D 
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and from B intersect the arc at C ; through C draw the line 

A C ; then will C A B be the angle required. Or by the fol* 

lowing rule : 

Problem 13. 

The measure of an angle is an arc of a circle contained be* 
tween two lines which form that angle, as C B ; the angular 
point being the centre of the circle as at A^ and is estimated by 
the number of degrees contained in that arc. 

Thus from the scale of chords (which is generally engraved 

on the ivory protractor marked C H) take in the compass 

60 degrees ; and from the angle at A, Fig. 13, Plate 1, describe 

the arc B C ; then with the compass take the distance from B 

to C, and apply it to the scale of chords, which will give the 

measure or number of degrees and minutes contained in the 

angle. 

Problem 14. 

To measure an angle by the protractor. 

Place the centre of the protractor at the point or angle A 
and the edge along the line A B ; extend the lines sufficiently 
long to read where it cuts the outer edge of the protractor, and 
the niunber of degrees and minutes it reads from B to C will be 
the measure of the angle required, equal to 29*" 5'. 

Problem 15. 

To bisect or divide an angle into tAvo equal parts, Fig. 14. 

From A, with any radius, describe the arc b c ; then from 
b and c, as centres, describe arcs intersecting each other at d ; 
draw the line d A, which will divide the angle as required. 

Problem 16. 

To trisect or divide a right angle into three equal parts, 
Fig. 15. 

From A, with any radius, describe the arc B C ; with the 
same radius from B and C, describe other arcs intersecting at 
d and e ; then draw the lines A d and A e^ which will divide 
the angle as required. 
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Problem 17. 

Another method : To trisect a given angle ABC less than a 
right angle, Fig. 16. 

With any radius describe a circle ; draw the line A B D ; 
from the points A and C as centres, with the radius A C, de- 
scribe arcs intersecting each other at E ; from E draw the line 
E a D, cutting the circle at a ; with the distance C a mark off 
6, then^will the angle A B C be trisected. 

Problem 18. 

When two lines intersect each other as at E, Fig. 16a, the 
opposite angles are equal to each other : viz. the angle A E C is 
equal to the angle DEB; and the angle A E D is equal to the 
angle C E B. 

Note, — This problem is the main principle on which lar^ sorrevs are conducted, 
for when any of the two lines are connected by another hne, as, ror instance, from 
A to C, or ffom B to D, the whole becomes fixed, and all other lines intersecting 
them must, when plotted, ajfree with the number or distance measured ; examples 
of which wSl be hereafter given. 

TRIANGLES. 

Problem 19. 

To describe a right angle triangle, the base and perpendicular 
being given, Fig. 17, Plate 2. 

At the point or angle A, erect a perpendicular, and set off the 
required height; also the given distance on the base from 
A to B ; then draw the hypothenuse from C to D will be the 
imngle «,»ired. ' 

Note. — In any right angle triangle, the square of the hypothenuse is equal to 
the sum of the squares of the other two sides. 

Problem 20. 

To describe an equilateral triangle, Fig. 18. 

From the points A and B, with the radius A B, describe arcs 
intersecting each other at C ; draw the lines C A and C B, then 
wiU A B C be the triangle required. 

d2 
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Problem 21. 

To describe an isosceles triangle, Fig. 18, Plate 2. 

From the points A and B, with the radius C B, describe arcs 
intersecting each other at C ; draw the lines C A and C B, then 
will A B C be the triangle required. 

Problem 22. 

To describe a scalene triangle, the three sides being given, 
Fig. 19. 

Set off the given length of the base A B ; firom A, with the 
distance A C, describe an arc ; and from B, with the distance 
B C, intersect the arc at C, and draw the lines A C, and C B 
will be the triangle required. 



Note, — The longest side of any triangle is opposite the greatest angle, and the 

lortest side will be opposite the smallest anffle. 

In any triangle the sum of all three angles are equal to two right angles^ or 



180 degrees. 

The som of two angles in any triangle taken from 180 degrees, lea?ea the 
measure of the third angle. 

All the outer angles of any triangle added together are equal to four right 
andbs. 

Eyeiy triangle has six parts — yii. three sides and three angles. 

Problem 23. 

Fig. 17. Two sides of a right angled triangle given to find 
the third. 

Ride 1. To the square of the base add the square of the per- 
pendicular ; the square root of that sum will be the hypothenuse. 

Bide 2. Multiply the sum of the hypothenuse and one side 
by their difference, and the square root of that product will be 
the other side. — See Euclid, Prob. 47, book i. 

Example 1. Given the base A B = 320 and perpendicular 
B C = 246, required the length of the hypothenuse A C. 

Ant, 320' + 246» = \/l62916 = 403 the hypothenuse 

Example 2. Given the base A B = 320 and the hypothenuse 
B C = 403, required the length of the perpendicular B C. 

Jtu. 403 + 320 X 83 = \/60009 = 245 the perpendicular 

See also Trigonometry, Case 1. 
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PABALLELOGBAMS. 

Problem 24. 

To describe a quadrilateral or square on a given base, Fig. 20, 
Plate 2. 

From the given length A and B, draw perpendiculars; on 
which set off the length equal to A B ; then C D will be equal 
to A B, and all the angles right angles. 

Another method: From A and B as centres, describe the 
arcs A C and B D, cutting each other in m ; bisect A m or 
B m in n ; with the radius mn, at m as a centre, describe arcs 
cutting AC and BD; then draw the lines A D, D C, C D will 
be the square required. 

Note, — ^If diagonals are drawn from the opposite angles of the square and the 
rhomboid^ they will be at right angles to eadi other. 

Problem 25. 

To describe a rectangle whose base and perpendicular are 
pven. Fig. 21. 

From the given base raise perpendiculars at A and B ; on 
which set off the given lengths of the sides A D and B C ; then 
G D will be equal to A B, and all the angles right angles. 

Problem 26. 

To describe a rhombus on a given side. Fig. 22. 

Mark off the length of the ^ven side A B ; firom B, with the 
radius A B, describe the arc D C ; firom A, with the same 
radius, intersect the arc at D ; then with the same radius 
from D intersect the arc at C ; draw lines through the several 
points, and the rhombus will be complete. The opposite angles 
wiU be equal to one another, two obtuse and two acute. 

Problem 27. 

To describe a rhomboid whose sides and angles are given, 
Fig. 23. 
The length of AB = 400; the length of AD = 250; the 
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angle D A D = 60^ Set off the line A B to the given length ; 
by the protractor from the point A set off the given angle ; 
draw the line B C parallel to A D, and mark off the given 
length of the sides A D and B C ; then draw the line D C equal 
and parallel to A B ; the angles are the same as the rhombus. 

Problem 28. 

To construct a trapezoid whose base and perpendiculars are 
given, Fig. 24, Plate 2. 

From A and B raise perpendiculars, and mark off the given 
lengths of the sides A D and B C ; draw the line D C, which 
gives the trapezoid ; the angles A and B are right angles ; the 
angle C is obtuse, and the angle D acute. 

Problem 29. 

To construct a trapezium, whose base A B and all the sides 
are given. Fig. 25. 

Draw a line, and set off A B equal to the given length ; from 
A, with the given length of A C, describe an arc ; then from B 
and length of B C intersect that arc at C ; draw the lines A C 
and C B ; in like manner from A and B draw arcs equal to the 
given lengths of the sides A D and D B, intersecting each other 
at D ; draw the lines A D and D B, the trapezium required. 

Problem 30. 

To find the side of a square that shall be any number of times 
the area of a given square. Fig. 26. 

Let A B C D be the ^ven square, then wll the diagonal 
B D be the side of the square A E F G, double in area to the 
given square A B C D ; and if the diagonal be drawn from 
B to G, it will be the side of the square A H K L, three times 
the area of the square A B C D ; and the diagonal B L will be 
equal to the side of the square, four times the area of the 
square A B C D. 
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POLYGONS. 

Problem 31. 

The breaxith of a polygon given to find the radius of a circle 
to contain that polygon, Fig. 26, Plate 2. 

Rule. Multiply half the breadth of the polygon by the 
numbers in the sixth column of the Table No. 14, opposite its 
name, and the product will be the radius of a circle to contain 
that polygon. 

If the polygon have an imeven number of sides, the half 
breadth is accounted from its centre to one of its sides. 

Frobkm 32. 

Required the radius of a circle to contain an octagon whose 
breadth A B = 36.4 feet 

JSr. A B = 36.4 -f- 8 = 18.8 x tab. num. 1.08 =: 19.656 feet 

Problem 33. 

Required the radius of a circle to contain a pentagon whose 
half breadth A B = 14.4, Fig. 27. 

Jgr. AB = 14.4 X tab. nam. 1.238 = 17.837 

Problem 34. 

The radius of a circle given to find the length of the side of 
an octagon, Fig. 26. 

Ride. Multiply the radius of any circle by the numbers in 
the fifth column in the table opposite the polygon required, and 
the product will be the length of the side nearly, that will divide 
that circle into the proposed niunber of sides. 

Given the radius C = 19.656, required the length of the 
side C D. 

Zr. O C = 19.656 x tab. num. .76536 = 15.043916 the length of the side 

Problem 35. 

The length of the side C D is 15.036840 of an octagon, given 
to find the radius D 0, Fig. 26. 



i 
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Rule. Multiply the given length of side by the number on 
the fourth column in the table opposite the polygon required, 
and the product will be the radius of a circle to contain the 
polygon. 

£r. G D = 15.036840 x Ub. num. 1.307 = 19.646 nnrlj 

Froblem 36. 

To find the angle at the centre and sides of a regular polygon. 
Fig. 27. 

EuJe. Divide 360°, the degrees in a circumference, by the 
number of sides in the proposed polygon. 

Thus: 860^-7- 5 = 72° for the an^ of the pentagon at the centre 

Froblem 37. 

.To find the angle formed by the sides. 
Subtract the angle at the centre from 180^ 

Thus : 180-72° = 108° the outside angle of a pentagon 

Problem 38. 

Methods of describing arcs of circles of large magnitude 
Angles in the same segment of a circle are equal to one 

another. 

Let A B C D, Fig. 28, Plate 2, be the segment of a circle ; 

the angles formed by lines drawn from the extremities A and B 

of the base of the segment to any points C and D of its arc, as 

the angles A C B, A D B are equal 

Note. — ^Tbis prohlem is referred to hereafter in setting out railway car?e8.— iSb» 
]E)aclid, Prob. 31, book iii. 

Problem 39. 

Of finding points in and describing large circles. 

If upon the ends A B, Fig. 29, Plate 2, of a right line, A B 
as on axis, two circles or rollers, C D and E F, be firmly fixed, 
so that the said line shall pass through the centres, and at right 
angles to the planes of the circles, and the whole be sufi^ered to 
roU upon a plane without sliding : 
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If the rollers C D and E F be equal in diameters, the lines 
described upon the plane by their circumferences will be parallel 
right lines, and the axis A B, and every line D F, drawn 
between contemporary points of contact of the rollers and plane 
will be parallel among themselves : 

If the rollers C D and E F be unequal, these lines formed by 
their circumferences upon the plane will be concentric circles, 
and the axis A B, and also the lines D F, will in every situation 
tend to the centre of those circles : 

Then it will be as the diameter of the wheel C D is to the 
difference of the diameter of C D and E F, so is the radius of 
the circle proposed to be described by C D to the distance A B, 
at which the two wheels must be asunder, measured upon the 
plane on which the circle is to be described 

The wheel will evidently describe simultaneously another 
circle, whose radius will be less than that of the former by 
EF. 

iVo/f.—This role is applicable to the wheels of railway carriages rolling oyer a 
curve ; instead of the outer wheel being greater in diameter than the inner one, 
the outer rails are gradually raised from their tangents to the proper height, ac- 
cording to the radius of the curye or arc of the circle. 

Problem 40. 

Through three points to describe an arc of a circle by means 
of two laths. Fig. 30, Plate 2. 

On a given chord A B to describe an arc of a circle that shall 
contain any number of degrees, performing the operation with- 
out compasses, and without finding the centre of the circle. 

Place two straight laths forming an angle A C B, equal to the 
supplement of half the given number of degrees, and fix them 
at C ; fix two pins at the extremities of the given chord A B, 
hold a pencil at C, then move the two laths against the pins, 
and the pencil at C wiU describe the arc required. 

Example. It is required to describe an arc of fifty degrees on 
the pven chord A B, subtract 25 degrees (half the given angle) 
from 180^ the difference will be 155^ equal to the supplement; 
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then form the angle A C B = to 155° with the two rules, and 
proceed as before described. 

If required to extend the arc on either or both sides, as at 
D E, first mark on the edge of the two legs of the instrument 
at A and B ; bring the centre C to A, and the edge of the right 
leg over the point at C, point off the distance marked off 
on the left leg as at D, and fix the pins as before at D A C ; in 
like manner fix the pins at E, and describe the continuation of 
the arc on both sides. 

The whole circle may be described in the same manner by 
placing the two lower pins below the diameter and describing 
one half the circle ; then fix the lower pins in the same manner 
on the upper part of the circle (keeping the laths fixed), and 
describe the other half of the circle in like manner. 

Problem 41. 

A very neat instrument, called the bevel or centrolinead, for 
the same purpose as last described, Fig. 31. 

It consists of two rules, movable on a common. centre, similar 
to a carpenter's rule ; the brass semicircle has a groove and a 
screw at D to fix the two legs at the required angle. 

The instrument is placed against the pins at A D C, as shown 
in the former example, and the pencil at C; keep the rules 
close to the pins, holding the pencil at C, and describe the arc 
required. 

Problem 42. 

Given three points to draw a line from either of them 
tending to the centre of the circle, and passing through each. 
Fig. 32, Plate 2. 

Let A B C be the ^ven points ; it is required to draw A D, so 
that if continued it would pass through the centre of the circle 
containing ABC. 

Make the angle BAD equal to the complement of the angle 
B C A, and A D is the line required ; for supposing A E a tan- 
gent to the point A, then is E A D a right angle, and E A B = 
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B C A ; whence B A D = right angle less the angle B C A, or the 
complement of B C A. 

Corollary 1. A D being drawn, lines from B and C, or any 
other points in the same circle, are easily found; thus, make 
ABG = BAD, which gives BG; then make BCF = CBG, 
which gives C F ; or C F may be had without the intervention 
of BG, by making AC F = CAD. 

Corollary 2. A tangent to a circle at any of the points, A for 
instance, is thus found. 

Make B AE = BC A, and the line AE will touch the cuxjle 
at A. 

To perform the same by the bevel. 

Set the bevel to the three given points ABC; lay the centre 
on A and the right leg on C, the other leg will give the tangent 
HA; from A draw AD perpendicular to HA, for the line 
required. 

CIBCLES. 

Problem 43. 

To find the centre of a circle. Fig. 33, Plate 2. 

Draw any chord A B, and bisect it with the line C D ; bisect 

C D by the chord E F ; the intersection at will be the centre 

of the circle. 

Problem 44. 

Through three given points to describe the circumference. 
Fig. 34. 

From the middle point B draw the chords B A and B C ; 
bisect these chords and draw the lines n 0, m ; from 0, with 
the radius A, B, C, describe the circle required. 

- Problem 45. 

To draw a tangent to a given circle, to pass through a given 
point at A, Fig. 35. 

When the point A is in the circumference of the circle. 
From the centre 0, draw the radius A ; through the point 



44 LAND AND ENGINEERING SURYETING. 

A draw C D perpendicular to A, which will be the tangent 

required. 

Problem 46. 

When the point A is without the circle, Fig. 36. 

From the centre draw A, and bisect it in n ; firom the 
point n, with the radius n A or n 0, describe the semicircle 
ADO, cutting the given circle in D ; through the points A D 
draw A B, the tangent required. 

Problem 47. 

To cut off firom a circle a segment containing any proposed 
angle, as 60°, Fig. 37. 

Let F be the point firom whence it is required to draw a 
chord which shall contain 60 degrees; through F draw FR, a 
tangent to the circle ; from F draw F A, making an angle of 
60 degrees with the tangent F R, and F C A is the segment 
required. 

Problem 48. 

To find the diameter of a circle that shall be any number of 
times the area of a given circle. Fig. 38. 

Let A B C D be the given circle, draw the two diameters A B 
and C D at right angles to each other ; the chord A D will be 
the radius of the circle P, twice the area of the given circle 
(nearly), and half the chord will be the radius of a circle that 
will contain half the area, &c. 

Problem 49. 

To divide a given circle into any number of concentric parts, 
equal in proportion to each other. Fig. 39, Plate 3. 

Upon the radius A B describe the semicircle A ^ rf B ; divide 
A B into the proposed number of equal parts, as 1, 2, &c. ; erect 
perpendiculars firom those points to the semicircle ; then firom 
the centre A and radius Ae Ad^ &c., describe circles, which will 
be the proposed number of parts. 
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Problem 50. 

Required the diameter of a pipe that shall be equal to three 
pipes of three inches diameter each, Fig. 40, Plate 3. 

Rvle. Multiply .7854 by the square of the given diameter; 
multiply that product by the number of times required to be 
enlarged ; the square root of that product multiplied by 1.12837 
will give the diameter of the pipe required. 

Note. — ^This problem shows the error committed by an en^neer on the applica- 
tion of a water company for the above enlargement, on which a pipe was made 
three times the diameter, as shown by the diagram. 

Ex. .7854 X 3* = 7.0686 x 3 = 21.2058, the area required 

And s/ 21.2058 = 4.60 x 1.12837 = 5.1905, the dia. C D 

The area of the 3 inch pipe = 7.0686 
The area of the 9 inch pipe = 63.617 

Therefore the pipe 9 inches in diameter = 63.617, was in excess 
by 58.426. 



TO CONSTRUCT A PROTRACTOB, OR DIVIDB A CIRCLE INTO 

360 DEGREES, MINUTES, ETC. 

With a radius of 5 inches describe a circle ; with the same 
radius mark off each length very minutely round the circle, 
which should be exactly 6 times, or 60® each. 

Then set the compass to the natural sine of 15*^, which to 
radius 5 will be equal to half the chord of 30°; this distance 
will bisect each 60°, and divide the circle into arcs of 30° each. 
ITiis may be proved by setting the succeeding chords off each 
way from those points which they are intended to bisect ; if any 
inaccuracy exists the bisector will not be perfect, and if the 
error is inconsiderable the middle point will be assumed as 
correct. 

Each 60° may next be trisected by setting off the natural 
rine 10°, equal the chord of 20° to our radius, which will divide 
the circle to every 10 degrees. 

The natural sine of 7° 30', equal the chord of 15°, marked 
from the points abeady determined, will divide the circle to 
every 5th degree. 
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The natural sine of 3*^, equal the chord of 6**, divided as 
before, divides 30^ into 5 parts, and set off firom the other divi- 
sions, divides the circle to single degrees. 

Fifteen degrees bisected on the natural sine of 3" 45', equal 
the chord 7"^ 30', set off from the other divisions^ divides the 
circle into half degrees. 

The natural sine of 3° 20', equal the chord of 6^ 40', divides 
20"^ into three parts, and set off from the rest of the division, 
divides the whole circle to every 10 minutes, which is as minute 
as can possibly be obtained; smaller quantities must be sub- 
divided by the eye. 

The division should be numbered in like manner to the theo- 
dolite, that is, from 0"" to 360^ 

INSCRIBING AND CIRCUMSCRIBING FIGURES. 

Problem 51. 

To inscribe a circle in a given triangle ABC, Fig. 41, Plate 3. 

Bisect the angles A and B ; from the point of intersection at 
0, let fall a perpendicular N, it will be the radius of the re- 
quired circle. 

Problem 52. 

To inscribe a pentagon, or hexagon, or a decagon in a given 
circle. Fig. 42. 

Draw the diameters A B and C E at right angles to each 
other ; bisect D B at G, on G with the radius G C describe the 
arc C F ; join C and F, and the line C F will be one side of the 
pentagon. 

The two sides DC, F D, of the triangle F D C, inscribe an 
hexagon or a decagon in the same circle ; D C is the side of the 
hexagon, D F that of the decagon. 

Problem 53. 

To inscribe a square or an octagon in a given circle, Fig. 43. 
Draw the diameters AC, B D, at right angles to each other ; 
draw the lines A D, B A, B C, C D, the square required. 
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For the octagon : Bisect the arc A B and A D of the square 
in the pomt F and H ; draw lines from F and H through the 
centre, intersecting the circumference at E and G ; draw lines 
from each point of intersection, which will be the required 

octagon. 

Problem 54. 

In a given circle to inscribe an equilateral triangle, an hexa- 
gon, or a dodecagon. Fig. 44. 

For the equilateral triangle : From any point A as a centre, 
with a distance equal to the radius A 0, describe the arc FOB; 
draw the line B F, and make B D equal to B F ; join D F, and 
DBF will be the equilateral triangle required. 

For the hexagon : Carry the radius A six times round the 
circumference it will give the hexagon required. 

For the dodecagon : Bisect the arc A B of the hexagon in the 
point n ; and the line A n being carried twelve times round the 
circumference will form the dodecagon required. 

Problem 55. 

To inscribe a dodecagon in a circle, or to divide the circum- 
ference of a ^ven circle into twelve parts, each being equal to 
30 degrees. Fig. 45. 

Draw the two diameters 12, 6, 3, 9, perpendicular to each 
other, with the radius of the circle; on the points 12, 6, 3, 9 as 
centres describe arcs through the centre, intersecting the cir- 
cumferences in the points required, dividing it into twelve equal 

parts. 

Problem 56. 

In a given circle to inscribe any regular polygon, Fig. 46. 

Draw the diameter on A B ; upon A B construct an equi- 
lateral triangle ABC; divide the diameter into as many equal 
parts as the polygon has sides ; from C draw a line through the 
second division in the diameter intersecting the circtunference 
at D ; join the points A D, it wiU be one side the octagon. 
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Prchlem 57. 

About a given triangle to circumscribe a circle, Fig. 47. 

Bisect any two sides AC, B C ; draw the lines D and F O ; 
the point of intersection at is the centre; with the radius 
A describe the circle required. 

Problem 58. 

About a given circle to circumscribe a pentagon. Fig. 48. 

Inscribe a pentagon within a circle ; through the middle of 
each side draw the lines A, C, D, E, and B ; through 
the point n draw the tangent A B, meeting A and B in 
A and B ; through the points A and tti, draw the line A m C, 
meeting C in C ; in like manner draw the lines C D, D E, 
E B ; and ABODE will be the pentagon required. 

Problem 59. 

On a pven line A B to form a regular octagon. Fig. 49. 

On the extremities of a given line A B erect perpendiculars 
A F, BE; produce A B both ways to s and w ; bisect the 
angles nKs and o^w hy the lines AH, B C ; make A H and 
B C each equal to A B, and draw the line H C ; make o v equal 
to n, and through v draw G D parallel to H C ; draw H G and 
C D parallel to A F and B E, and make v E equal to t; D ; 
through E, draw E F parallel to A B, and join the points G F 
and D E, and ABCDEFGH will be the octagon required. 

Problem 60. 

To circumscribe a circle about a given square A B C D, and 
construct an octagon, Fig. 50. 

For the circle : Describe the square A B C D ; draw the two 
diagonals A C and D B, intersecting each other at ; with the 
distance A or B, describe the circle required. 

For the octagon : Bisect the sides A B C D ; draw lines from 
a to c and b to d] join the lines ad^dc^cb^ and b a, forming an- 
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other square ; intersecting the sides A B C D at the points 1, 2, 
3, 4, 5, 6, 7, 8, the octagon required. 

Problem 61. 

To inscribe a nonagon in a circle, Fig. 51. 

Draw the diameters, and bisect the radius D at a ; draw 
the line had paraUel to A c, intersecting the circumference at 
h ; draw the line B h ; divide the arc B A 6 into three equal 
parts, draw the line B c, wiU be one side of the nonagon. 

Problem 62. 

To inscribe an undecagon in a circle. Fig. 52. 

Draw in the diameters and bisect the radius D in a ; draw' 
the line 6 a rf parallel to A C, intersecting the circumference at 
h ; the distance from E to wiU be one side of the undecagon. 

Problem 63. 

To find a right line that shall be nearly equal to any given 
arc of a circle, Fig. 53. 

Divide the chord A B into four equal parts ; set one part on 
the circumference from B to D ; draw the line from C to the 
first division on the chord ; and twice the length of the line 
C D will be the length of the arc nearly. 

Problem 64. 

To find the side of a square nearly equal in area to a given 

circle. Fig. 54. 

Draw the two diameters A B and C D at right angles to each 
other ; bisect the radius C by a line from one end of the 
diameter at A, meeting the circumference in E, then will the 
line A E be the side of a square nearly equal in area to a given 
circle ; and if the line E F be drawn parallel to C D, it will be 
\ of the circumference nearly, or three times the diameter, and 
once the versed sine Q H of the angle A O D will be the cir- 
cumference nearly. 
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Prohhni 65. 

To find the length of an arc of a circle, Fig. 55. 

Rule 1. Subtract the chord of the whole arc firom eight times 
the chord of half the arc, and -|^ the remainder is the length of 
the arc nearly. 

Required the length of the arc A C B, the chord of half the 
arc A C = 1.30, and the chord of the whole arc A B = 2.50. 

£r. 1.30 X 8 = 10.40 ~ 2.50 = 7.90 -;- 3 = 2.63 the length of the arc nearly 

Rvk 2. Multiply the radius by the number of degrees con- 
tained in the arc, and the product by .0174524.* 
Given radius 250 ; angle 60^ 

Eg, 2.50 X 60° = 150.00 x 0174524 = 2.617 length of arc 

Problem 66. 

To find the length of an arc by the Table, No. 17. 

Rvle. Divide the height by the base, and the quotient will 
be the height of an arc of which the base is unity ; multiply 
the tabular number opposite the corresponding quotient by the 
base of the arc, and the product equals the length required. 

Problem 67. 

To find the diameter of a circle by having the chord and 
versed sine given. Fig. 56, Plate 3. 

Rule. Divide the square of half the chord by the versed 
sine ; to the quotient add the versed sine, and the sum will be 
the diameter, &c. 

Or : If the sum of the squares of the semichord and versed 
sine be divided by the versed sine, the quotient will be the 
diameter of the circle to which that segment corresponds. 

Given the chord A B = 39.2, and the versed sine C D = 13.1 ; 
required the diameter C E. 

Ex. 39.2 -f- 2 = 19.6« = 384.16 -^ 131 = 293 -f 131 = 42.4 the diameter required 
Or: 19.6« + 13.P = 55577 -f- 131 = 42.4 the diameter 

♦ The decimal .0174524 is the natural sine of 1°. 
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Problem 68. 

Having the diameter of a circle given to find the circum- 
ference ; or the circumference given to find the diameter. 

Rule 1. As 7 is to 22, so is the diameter to the circum- 
ference. 

Or : As 22 is to 7, so is the circumference to the diameter. 

Rule 2. As 1 is to 3.1416, so is the diameter to the circum- 
ference. 

Or: As 3.1416 is to 1, so is the circumference to the 
diameter. 

Example 1. Required the circumference of a circle whose 
diameter is 30.55. 

30.55 X 22 = 67210 -r- 7 = 96.01 * = the circumference 

Example 2. 

96.01 1 X 7 = 67210 -:- 22 = 30.55 the diameter 

Example 3. Required the circumference of a circle whose 
diameter is 30.55. 

3.1416 X 30.55 = 95.975880 the circumference 

Example 4. Required the diameter of a circle whose circum-^ 
ference is 95.975880. 

95.975880 -r- 3.1416 = 30.55 = the diameter 

Problem 69. 

To describe an ellipsis, the transverse and conjugate diameters 
being given, Fig. 57, Plate 3. 

Draw the diameters at right angles to each other, and set off 
the ^ven lengths, as at A B C D ; with the difference of the two 
semidiameters set off O a and O 6, take half the length of a 6, 
and lay it off from a to C ; then take the distance c, and 
mark rf, ^, and 0/, which will be the four centres of the 
ellipse ; place the point of the compasses at c, with the radius 
c A, describe the arc lAg; also with 'the same radius from e 
describe the arc hBk; then with the radius fc from the point 
/ describe the arc gCh, and with the same radius from d 
describe the arc kDi, which will be the ellipse required. 

e2 
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To find the ar^ see problem 93. 

JVo<^.— The longest diameter is called the transferee = JL B. 
The shortest diameter b called the conjugate = C D. 
Focii or focuses are the points on which the periphery of the ellipae » 
described 9Aedef, 

The most perfect method of drawing ellipses is by the 
trammel) or elliptic compass. 

It consists of a cross with a dovetailed groove at right angles^ 
in which two small pieces are made to run easily up and down 
each way, to which is a beam (similar to a beam cmnpass) with 
sliding sockets, one for the pen, pencil, or point, the other two^ 
forming the focii, fitting into the two running slides in the 
grooves ; the instrument, when set to the two diameters^ will 
draw the ellipse by one revolution. 

To adjust it : Set the beam over the transverse A B, and slide 
it backwards and forwards until the pencil or ink point coincide 
with the point A, and tighten the screw of the slider, which 
moves on the conjugate axis ; now turn the beam, so as to lay 
over the conjugate axis C D, and make the pencil or point 
coincide with the point C, then fix the screw, which is over the 
slider of the transverse axis ; the compass being adjusted, move 
it gently round. 

Ellipses may also be drawn by a string or chord ; first find 
the two focii, then fix two pins in the focii, another in one end 
of the conjugate diameter, tie the string firmly, then with a 
pencil move round, will describe the ellipse. 

Problem 70. 

To describe a parabola, any ordinate to the axe and its 
abscissa being given. Fig. 58, Plate 3. 

Left V R and Rohe the given abscissa and ordinate, bisect R o 
in rw, join V m, and draw m n perpendicular to it, meeting the 
axe in w, make V C and V F each equal to R n, then will F be 
the focus of the curve. 

Take any number of points, r r, &c., in the axis, and draw 
the double ordinates of an indefinite length. 
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From F 4s a centre, with the radii C F, C r, &c., describe arcs 
cutting the corresponding ordinates in the points o, o, o, o, (fee, 
and the curve oY o^ drawn through all the points of intersec- 
tion, will be the parabola required. 

Problem 71. 

To describe an egg-shape figure, Fig. 59, Plate 3. 

Describe a circle A B equal to the given diameter, draw the 
lines H B and D F ; bisect the radius A C or C B, then with 
half the radius draw the circle E L F Bl, touching the circle A B 
at E ; then from A and B, with the distance D F, set off G H 
as centres to the sides A L and B K, draw the lines H I K and 
G I K, intersecting the circle E L F K at the tangent points K L, 
will be the figure required. 

AREAS ; 

Othervnse Mensuration of Superfices. 

The area or superficial content of any figure is the space con- 
tained within length and breadth, without having any regard to 
thickness. 

As applied to land surveying in finding the areas or contents 
of plane figures, are calculated by the number of square links 
in each. 

When figures are measured by yards or feet, the calculations 
are also made by their squares in like manner ; in either case 
the contents are reduced to acres, roods, and perches. 

All irregular or crooked fences must first be reduced to 
straight lines, to form the sides of the regular mathematical 
figures, which are chiefly confined to the triangle and tra- 
peziimi. 

Other methods are also introduced to obtain the accurate 
contents of irregular boundaries by mechanical rules, equally 
correct, and in some instances with greater precision. 

The statute acre contains 1.00000 square links, more particu- 
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larly described in page 80. The area of a piece of land is cal- 
culated decimally by the number of square links contained in 
each piece, which are then reduced to acres, roods, and perches^ 
by the following rules, or by the Table, No. 11. See also Tables 
of lineal and square measure, Nos. 27 and 28. 

Problem 72. 

To reduce the decimals of an acre to roods and perches. 

Rule. Multiply the decimals by 4; cut off five figures to 
the right hand, the figure to the left (if any) will be roods ; 
then multiply the remaining decimals by 40 ; cutting off five 
figures as before, the figures on the left will be poles. 

Example. Reduce 5.90600 to acres, roods and perches. 

.90600 

4 

iVofe.— The decimal remainiiiff when 

3.62400 it exceeds 5 may be conaidereof equal 

40 to 1 pole; therefore the aoantity is 

= 5 acres, 8 roods, 25 perches. 

24.96000 square links 

A more ready way of reducing decimals to roods and perches 
is by the Table, No. 11. (The acres or integers stand out) 
The first column denotes poles ; the second column, decimals ; 
the three last columns are roods. 

Example. Reduce 5.90600 to acres and decimals. 

Look in the last column for the nearest number to 906 ; op- 
posite to which, in the fii^st column, is 25, or 3 roods 25 poles, 

equal to the quantity before calculated. 

« 

Problem 73. 

To reduce acres, roods, and perches, to acres and decimals^ or 
square links. 

Rule. To the acres, annex five cyphers to the right hand; 
to the roods, add five cyphers and divide by four, the quotient 
will be the decimals of square links. 

To the perches, add five cyphers and divide by sixteen, the 
quotient will be the decimals of square links. 

Add all these sums together the product will be the decimal 
of square links. (See Table, No. 13.) 
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Example. Reduce 5a« 3b. 25p. to acres and decimals. 

3.00000 -7- 4 = .75000 and .25000 -^ 16 = .15625 
Then 5.00000 + .75000 + 15620 = 5.90625 the decimal required 

Another method : 

Rtde. Multiply the number of poles by 6 ; reduce the 
roods (if any) into the lOOOths part of an acre, to which add ^ 
of the perches given ; add this product to the number of perches 
multiplied by 6 ; place the number of acres to the left hand of 
the product, it will be the required number of acres and 
decimals. 

If there are no roods, add ^ of the number of perches only to 
the amount of perches multiplied by 6. 

Example 1. Reduce 5a. 3b. 24p. into decimals. 

.750 = 3 roods 25 poles 

6 = i of 25 poles 6 

.756 756 

5.906 the decimals required 

Example 2. Reduce 4a. Or. 27p. to decimals. 

A. X. P. 

4 27 
6 

162 
7 = i of 27 poles 

4.169 the decimals required 

Problem 74. 

To reduce links to feet, inches, and decimals ; or feet, inches, 
and decimals into links. (See Table, No. 10.) 

Ride 1. Multiply the links by 66, cutting off two figures to 
the right hand; if any decimals remain, multiply them by 12, 
cutting two decimals as before for inches, the remainder will 
be decimals. 

Rule 2. First reduce the inches and decimals to its lowest 
denomination, by dividing them by 12 ; add this to the number 
of given feet, and divide by 66, the quotient will give the 
number of links. 
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Example 1. How many feet, inches, and decimals are there 
in 92 links? 

92 X 66 = 60.72 and .72 x 12 = 8.64 
Or 60 ft. Sin. = 64dec. 

Example 2. How many links are there in 60 ft. 8 in. 64 dec. ? 

8.64 •^ 12 = .72. Then 60.72 -^ 66 = 92 links 

Problem 75. 

To reduce square yards to acres, roods, and perches. 

Rule. Divide the given quantity of square yards by 4840 
(that being the number contained in one acre ; see Table 28), 
the quotient will be acres and decimals, which are to be reduced 
to roods and perches. 

In like manner, should the quantity given be in square feet, 
divide by 43560 the number of square feet in one acre. 

Example. In 45678 square yards, how many acres, roods, 
and perches ? 

45678 -f- 4840 = 9.437, or 9a. 1b. SOp. 

Another method : 

Ride. Multiply the given quantity of yards by .0002 ; 
.divide that product by -5^, or ^ of a tenth; to which add the 
remainder. 

Ex, 45678 X .0002 = 9.1356 -r- ^ or ^ of a 10th = 3046 
Then 9.1356 + 3045 = 9.4401, or 9a. 1r. 30p. 

Note. — When dimensions are taken in feet and inches and mnltiplied together ; 
to reduce them to square yards, divide the product by 9. 

Problem 76. 

To find the area of a parallelogram A B C D, Fig. 61, Plate 4. 

RvUe 1. Multiply the length by the breadth, the product will 
be the area. 

Example. Required the contents of the parallelogram, A B = 
.810 Unks, D B .156 links. 

.810 X .156 = 1.26360, or 1a. 1r. 2p. 

Problem 77. 
To find the area of the triangle ABE, Fig. 61. 



PRINCIPLES OF GEOMETRY. 57 

Rule 2. Multiply the base by half the perpendicular, or mul- 
tiply the base by the perpendicular, and take half the product 

Example. Required the contents of the triangle AB = 810, 
E F 312 links. 

AB 810 X 156 = 1.26360; or 810 x 312 = 2.52720 -t- 2 = 1.26360 

The two triangles A C G and B D H are equal to the triangle 
EGH. 

Note, — This rale is niuYersal in computing the quantities of land when reduced 
to trapeziums and triangles. • , 

The same by logarithms. 

Ride 3. Add the logarithm of the base to the logarithm of 
half the perpendicular ; or the logarithm of half the base to the 
logarithm of the perpendicular. 

Look in the table of logarithms of numbers for the given 
lengths in the first column, and against that number in the 
second column will be the required logarithm ; add these num- 
bers together, then seek in the second column for that or the 
nearest number to the product, opposite to which will be the 
natural number required. 

Eap. The base . . A B = .810 = 2.90848 

Half the perpendicular E F = .156 = 2.19312 

Square links . . 1.26360 =• 5.10156 

Problem 78. 

By the same rule, the area of a square is obtained, Fig. 62, 
Plate 4. 

JGr. AB = 800 X B D ~ 800 = 6.400, or 6a. 1&. 24p. 
Or : C B = 1.130 x a D = 566 = 6.4f07, nearly 

Extend the base to 6, equal to A B, draw the line D b ; the 
triangle A D 6 will be equal to the square A B C D. 

Problem 79. 

To find the area of a triangle, three sides being given, Fig. 63, 
Plate 4. 

Rule 4. Add the three sides together, and take half the 
sum; subtract each side separately from half the sum of the 
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sides, and multiply the half som by the three remaindera, the 
square root of the sum will be the area. 

Given A B = .810 links, A C = .476 links, B C = .549 linka 

.810 -h .476 -h .549 _ g^^^ ^j^^ ^^^5 _ g^^ ^ ^^^^5 

2 .9175 - .476 = .4416 

.9175 - .549 =r .3685 

.9175 X 1075 X 4415 x 3685 =\/l60465892984375 = 1.267 

Noie. — ^The same result will be found by a peqiendicular demitied from the 
angle C to its opjposite sid^ and multiply half the perpendicolar by the side A B, 
as dc 



les^ribed by Case 3 in Trigonometry. 

The same triangle by logarithms. 

When two sides and the included angle are given. 

As Radius 10.000000 



: sine of Z. A = 41** a . 9.81694S 

.. ^3 ^ .810 X B^C = .476 ^ ^^2780 = 6.285107 

Square links 1.26490 = 6.102050 

The same by natural sines. 

Ride 5. Multiply the two given sides together, and half that 
sum multiplied by the number extracted firom the table of 
natural sines, against the given angles, thus : 

A B = .810 X .476 = .385560 ^ J = .192780 

then the natural sine /: A = 41° 0= .656059 x .192780 = 
1.26476 square links, when reduced as before = 1a. 1r. 2p. 
nearly. 

Problem 80. 

To find the area of a trapezium A B C D, Fig. 64. 

Bide 6. Divide the trapezium into two triangles by the 
diagonal A C, always taking the longest line ; then the sum of 
the areas of the two triangles, found by the foregoing rules, 
wiU be the area of a trapezium. 

When quantities are not given, apply the scale by which the 
figure was drawn, as thus : the perpendicular D a = 274 links, 
and 6 B = 1 60 links ; then by the second rule add the two per- 
pendiculars together, divide by two, and multiply the quotient 
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by the base A C = 680 links, the product will be the quantity 
required. 

B6 160 + Dff 274 = 434 -7- 2 = 217 x Ac 680 = 1.476, or !▲. Is. 36p. 
Note.'-^Thi^ calculation may in all cases be shortened b;^ using the scale. Fig. 1, 




measure the perpendiculars of all triangles, as shown bjr the following example ; it 
saves adding the whole perpendiculars, and taking half. 

B ^ 80 -h D « 137 = 217 X 680 = 1.476, as before 

The same by natural sines, Fig. 65, Plate 4. 
Ride 7. Multiply the two diagonals together, and multiply 
half the product by the natural sine of the included angle. 

BD680 X AC 460 ^ ^^^^^ x nat. sine Z A a D .939693 = 1.470 

The same by logarithms. 

AsBadius 10.000000 



: sine Z. a 70° O' 9.972986 

:: A C ^80 x B D 460 ^ ^^^^ ^ ^ ^^^^^^^ 

Square links . . 1.4683 = 6.166778 

Problem 81. 

To find the area of a rhombus or rhomboid, Fig. 66. 
Rule 8. Multiply the base by the perpendicular height. 
Given the base A B = 400 links ; the perpendicular C a 342 
links. 

A B 400 X C a 342 = 1.368, or Ll IbT 19p. 

The same by logarithms. 

AB400 2.602060 

0^342 2.534026 



Square links . . 1.36800 = 5.136086 

Problem 82. 
Required the area of a rhomboid. Fig. 67. 
Given the base A B = 600 links ; the perpendicular C a 176 
links. 

AB600 2.778151 

Ctfl76 2.245513 



Square links . 1.05600 = 5.023664 
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Problem 83. 

To find the area of a trapezoid, Fig. 68. 
Rule 9. Add together the two parallel sides, and half that 
sum, multiplied by the height, will give the required area. 
Given A B 440 links, C D 325 links, ba 280 linka 

AB 440 + CD 325 = 762 H- 2 = 382 x 280 = 1.0696, or U. Or. Up. 

Also draw the line a b through the middle of A C parallel to 
B D, measure the length a B, multiply it by the height a b equal 
to B D, the result will be the same. 

iVo^.^For pnctioe calculate the last four figures by Role 6, page 58. 

Problem 84. 

To find the area of a pentagon, Fig. 69. 

Bide 1. Multiply the perimeter or sum of its sides by a per- 
pendicular from its centre to one of its sides, and take half the 
product for the area. 

Rule 2. Multiply the square of the side of a polygon by the 
number in the third column of areas (see Table, No. 14) opposite 
the number of the sides required, the product will be the area 
required. 

Required the area of a regular pentagon, each side being 210, 
and the perpendicular F G 144. 

A B 210 X 6 = 1050 x F Q 144 = 1.51200 H- 2 = .75600 

The same by Rule 2. 

210* = 44100 X tob. num. 1.720 = .75852, or Oa. 3e. 1p. 

Problem 85. 

Required the area of an octagon, each side being 150 and the 
perpendicular 195, Fig. 70. 

AB 150*x 8 = 1200 x a A 195 = 234000 -^ J = 1.170 

The same by Rule 2. 

150« = 22500 X 4.82843 = 1.08639 - 1a. Or. 14p. 
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CIRCLES. 

Problem 86. 

To find the area of a circle. 

Rule 1. Multiply the square of the diameter by .7854, or the 
diameter by the circumference, and divide by 4. 

To find the area of a sphere. 

Rule 2. Multiply the square of the diameter by 3.1416. 

To find the solidity of a sphere. 

Rvk 3. Multiply the cube of the diameter by .5236. 

To find the circumference of a circle. 

Rvk 4. Multiply the diameter by 3.1416. 

To find the surface of a spherical segment or zone. 

Rule 5. Multiply the diameter by the height^ and then by 
3.1416. 

To find the solidity of a spherical segment. 

Rule 6. To three times the square of the radius (or half the 
diameter) add the square of its height and the product by 
.5236. 

The area being given to find the diameter. 

Rule 7. Divide the area by .7854, extract the square root of 
the quotient for the diameter required. 

The diameter given to find the area. 

Rvk 8. Multiply the square of the diameter by .7854. 

Problem 87. 

The diameter of a circle given to find the circumference, or 
the circumference given to find the diameter. 

Rule 1. As 7 is to 22 so is the diameter to the circumference. 

Or : As 22 is to 7 so is the circumference to the diameter. 

Rule 2. As 1 is to 3.1416 so is the diameter to the circum- 
ference. 

Or: As 3.1416 is to 1 so is the circumference to the diameter. 

Example 1. Required the circumference of a circle whose 
diameter is 30.55. 

30.55 X 22 = 67210 -^ 7 = 96.0U Uie circumfcreuce 
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Example 2. 

96.01f X 7 = 67210 -f- 22 = 30.55 the diameter 

Example 3. Required the circumference of a circle whose 
diameter is 30.55. 

3.1416 X 30.55 = 95.975880 the circumferenoe 

Example 4. Required the diameter of a circle whose drcum- 
ference is 95.975880. 

95.975880 -7- 3.1416 = 30.55 the diameter 
AREAS AND PROPERTIES OF CIRCLES. 

Problem 88. 

Examples to the Table, No. 19, of the relative proportions of 
the circle ; its equal and inscribed squares. 

Example 1. The diameter of a circle is 33.25 ; required the 
side of a square equal in area to the given circle. 

33.25 X 8862 = 29.466150 the side of the square 

Example 2. The circumference of a circle being 104.5, re- 
quired the side of a square equal in area. 

104.5 X .2821 = 29.4794 the side 

Example 3. The diameter of a circle being 33.25, required 
^ the side of the greatest square that can be inscribed therein. 

33.25 X 7071 = 23.511075 the side of inscribed square 

Example 4. The circumference of a circle being 104.5, re- 
quired the inscribed square. 

104.5 X 2251 = 23.522 the inscribed square 

Example 5. The area of a circle being 868.309, required the 
area of the greatest square that can be inserted therein. 

868.309 X 6366 = 552.7655 the area required 

Example 6. The side of a square being 23.511, required the 
diameter of its circumscribing circle. 

23.511 X 1.4142 = 33.2492562 

Example 7. Required the circumference of a circle to circum- 
scribe a square, each side being 23.511. 

23.511 X 4.443 = 104.456373 



PRINCIPLES OF GEOMETRY. 63 

Example 8. The side of a square being 29.4794, required the 
diameter of a circle equal in area to the given square. 

29.4794 X 1.128 = 33.25276 

Example 9. The side of a square being 29.4794, required the 
circumference of a circle equal in area to the given square. 

29.4794 X 3.545 == 104.5044 
SOME OP THE PROPERTIES OF A CIRCLE. 

1. It is the most capacious of all plane figures, or contains 
the greatest area within the same perimeter or outline. 

2. The areas of circles are to each other as the squares of the 
diameters, or of their radii. 

3. Any circle whose diameter is double that of another, con- 
tains four times the area of the other. 

4. The area of a circle is equal to the area of a triangle, 
whose base is equal to the circumference and perpendicular 
equal to the radius. 

5. The area of a circle is equal to the rectangle of its radius, 
and a right line equal to half its circumference. 

6. The area of a circle is to the square of the diameter as 
.7854 to 1 ; or multiply half the circumference by half the 
diameter, the product will be the area. ^ 

Problem 89. 

To find the area of the sector of a circle when the degrees of 
the arc are given, Fig. 73, Plate 5. 

Rule 1. The area of a sector depends on the proportion its 
arc bears to the whole circle, therefore divide 360° by the num. 
ber of degrees in the arc of the sector for the first quotient; 
divide the area of the whole circle by the quotient thus found, 
and the last quotient will be the area of the sector. 

Example 1. What is the area of a sector whose radius 
B = 2.50, and the arc A B C 60^ 

360° ~ 60° = 6 the 6rst qaotieni 

Then for the area of the whole circle. (See Prob. 86.) 

5.00* X .7854 = 19.6350 H- 6 = 3.2725 the area 
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Problem 90. 
When the length of the arc is given. 

Rule 2. Multiply the radius of the circle by half the lengdi of 
the arc of the sector, and the product will be the area. 
Example 2. 

B O 2.50 X A B G 60° = 15000 x .0174524 = 2.61786 length of arc (See Pcob. 66) 

2.61786 -T- ft = 1.80893 half the arc 
Then 1.30893 x 2.50 = 3.2723 the area reqoired 

Another method : 

Rvle. Multiply the diameter of the circle by the length of 
the arc of the sector ; and one-fourth of the product will be the 
area. 

Ex. 5.00 X 2.61786 = 3.2723 the area 

Problem 91. 

To find the area of a segment of a circle, Fig. 74, Plate 5. 

Rule 1. By the help of the Table of circular segments. No. 15, 
divide the versed sine or height C D by the diameter ; with the 
quotient thence arising from the table take out the segment 
area opposite the versed sine ; multiply this segment area by 
the square of the diameter of the circle, the product will be the 
area of the segment. 

Example 1. Given the versed sine 7, and diameter 35, to 
find the area. 

7 -T- 35 = .2 the segment area = .11182 x 35* = 136.989 the area 

Rvle 2. Multiply the versed sine C D by the decimal .626 ; 
and to the square of the product add the square of half the 
chord A B ; multiply twice the square root of the same by two- 
thirds of the versed sine, the product will be the area. 

Example 2. Required the area of a segment whose chord 
A B = 52.5, and versed sine C D = 11.5. 

11.5 X 626 = 7.1990« = 740.89810100 
Then v/740.89810100 = 27.2194 x 2 = 54.4388 x } vcr. sine 7.7 = 419.168 the area 

Or the area of a segment may be foimd by first finding the 
area of the sector, having the same radius as the segment, and 
then deducting the area of the triangle, leaves the area of the 
segment. 
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Problem 92. 

To find the area of a circular ring or space included between 
two concentric circles, Fig. 75, Plate 5. 

Rule. Add the inside and outside diameters together, mul- 
tiply the product by their difference and by .7854; the result 
will be the area. 

Example. The diameters of two concentric circles AB = 25 
and C D = 15 ; required the area of the ring or space contained 
betwe^i them. 

25 + 15 = 40 X 10 = 4O0 X .7854 = 314.1600 the area 

Problem 93. 

To find the area of an ellipse, Fig. 57, Plate 3. 

Utile. Multiply the transverse diameter by the conjugate dia- 
meter, and then by .7854 ; the product will be the area. 

Or multiply the two diameters together, divide that product 
by 4, which multiply by 3.1416 will be the area. 

Required the area of an ellipse, the transverse diameter A B = 
680, and the conjugate diameter C D = 420. 

Example 1. 

680 X 420 = 285600 x .7854 = 224310.24 

Example 2. 

680 X 420 = 285600 -S- 4 = 71400 x 3.1416 = 224310.24 



KEDUCING AND EQUALISING PLANE FIGURES. 

Problem 94. 

To reduce a trapezium to a plane triangle, Fig. 76, Plate 5. 
Draw the diagonal A C, parallel to it draw the line D E, 
draw the line A E, then will A B E be the triangle required. 

Examples for Practice. 

Required the area of the triangle ABC, also of the tra- 
pezium A B C D ; by the rule. Problems 79, 80. 

F 
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Problem 95. 

To reduce a parallelogram to a square of equal area. 

Fig. 77. Sule. Multiply the length by the breadth, and the 
square root of the product will be the side of the square equal 
to the paraUelogram. 

Noff. — The square root of the product of any two numbers is the geometrieal 
mean proportion of those numbers. 

To construct the same geometrically. 

Continue the line A B to E equal to B C ; bisect A E at F, 
with the radius A F or F E describe the semicircle AGE, erect 
a perpendicular from B intersecting the semicircle at G, then 
will B G be the side of the square B G I H equal to the paral- 
lelogram A B C D. 

Example. What is the side of a square whose area shall be 
equal to the parallelogram, the length A B = 440, the breadth 
BC = 140? 

440 X 140 = v/cieOO the area = 248.19 the side of the square 

For Practice. 

The sides of a parallelogram are 600 and 300, what is the 
side of a square of equal area ? 

Problem 96. 

To reduce a figure of five sides to a triangle, Fig. 78, Plate 5. 

Draw the line B D, and parallel to it draw the line C F, from 
F draw the line B F, which forms one side of the triangle ; in 
like manner draw B E, and parallel to it draw the line A G, 
from G draw the line G B the other side of the triangle ; then 
will G B F be the triangle required. 

For Practice. 

Required the area of the triangle . G B F 
Also the trapezium . . . . A B D E 
And the triangle . . . BCD 

Let these be cast by the rule as before, by the scale. Fig. 1, 
Plate 39 ; if the quantity of the triangle G B F does not 
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agree with the quantities of A B D E and BCD taken together, 
repeat the operation. 

Examples for Practice. 

Required the area of Figs. 71 and 72, Plate 4. 
Both these figures are similar; the dotted lines show the 
triangles and trapeziums each figure is divided into for calcula- 
tion as follows : 

Fig. 71. Two triangles and one trapezium. 
Fig. 72. Two trapeziums and one triangle. 

Noie. — ^If correct, both quantities should agree within a few decimals. 

Problem 97. 

Fig. 84, Plate 6, represents all the reduced lines of fences to 
Plan, Fig. 85, Plate 6. 

Calculate these four pieces by the scale as before ; then cal- 
culate Fig. 85, Plate 6, by the unproved computation scale, as 
described in Part IV. 

Noie,—l( there be any trifling difference in the decimals in the different modes 
of calcalating them, take the mean between the two for the actoal quantity. 

Problem 98. 

Examples for reducing crooked fences to straight lines by the 
parallel rule. Fig. 79, Plate 5. 

As before stated, all crooked fences have to be reduced to 
straight lines to form the sides of the regular figures for com- 
puting the quantities as shown by the last example. 

The following system is decidedly a most perfect one, although 
tedious, and was, until lately, generally adopted. 

The irregular line from A to B represents the side of a field, 
which has to be reduced to a straight line that shall equalise 
the quantities on both sides, as shown by the shaded part on 
one side the line, and plain on the other side of the line A C. 

First draw the line A B, and perpendicular to it the line 
B C ; then lay the edge of the parallel rule at the points B and 
2 on the fence, move the upper part of the rule to 1 on the 

f2 
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fence, with a fine needle fix it on the line B C as marked 1 ; 
holding the needle firm at that point, bring the edge of the 
parallel rule to the needle and to the point 3 on the fence, then 
move the upper part of the rule to the point 2 on the fence, 
and the needle on the line 6 C at the mark 2 ; holding the 
needle firm at that point, place the edge of the rule against the 
needle and point 4 on the fence line, move the rule to 3 on the 
fence line and fix the needle at 3 on 6 C ; bring the rule to the 
needle and at 5 on the fence line, move the rule to 4 on the 
fence and place the needle at 4 on 6 C ; bring the rule to 6 on 
the fence and against the needle, move the rule to 5 and fix the 
needle at 5 on B C ; bring the rule to that point and 6 on the 
fence, move the rule to 5 on the fence, and the needle to C on 
the line B C ; draw the line A C, it will be the equalised line 
of the fence from A to B, forming one side of a triangle for 
calculation. 

Note, — This method may be applied to equalise a fence between two fields 
giving to each an equal quantity. 

Another method is with a piece of transparent horn perfectly 
straight on the edges. Place the edge of the horn over the 
irregular fence, shifting the horn until by the eye there appears 
to be an equal portion on both sides of the edge of the horn ; 
from the point A draw the line A C ; then ABC will be a 
triangle, and the line A B one side of a trapezium. 

Proceed in like manner for practice ^N^ith Figs. 80 and 81, 
Plate 5, as shown by the dotted lines ; the quantities are marked 
in each figure, and collected together for the total quantity as 
shown. 

To find the area of a field, Fig. 82, Plate 6, by the com- 
puting scales, Fig. 1, Plate 39 (which may be obtained at any 
of the mathematical instrument-makers). 

A full description of these scales is given in Part IV. 

The parallel lines dra^vn over the plot are supposed to be 
lines drawn on the tracing paper to the same scale as the plan, 
and laid over the piece to be calculated, Fig. 83, Plate 6. 
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When the area of a field or enclosure of many acres is 
required, it is better to cut off large portions into regular 
figures, and calculate them in the manner described in Figs. 64 
and 65, Plate 4, and as shown in this example by the Figure 
ABCD. 

Then all the irregular fences may be taken separately, as 
shown by E F G H ; shifting the tracing paper accordingly, and 
add the several sums together. 

Although the computation scale is a great improvement in 
calculating quantities, particularly where the fences are very 
irregular, it should only be applied to small enclosures, or such 
as are within the use of the scale without repeating. 

The scale is generally made to cast 12 acres ; therefore, when 
casting a large piece of 60 or 100 acres, which requires several 
repetitions, if by accident one operation is omitted to be noted, 
there must be an error of 12 acres ; time is saved by cutting off 
a portion and casting up the quantity by the rule given in 
Fig. 64. 

I have recommended these scales to be made to calculate 10 
acres : that being a decimal number, is less liable to error ; they 
are also better in practice. 

MENSUBATION OF SOLmS 

Comprehends the measure by length, breadth, and thickness 
of aU bodies, whether solid, air, water, or gas. 

A knowledge of measuring solids is indispensable to the land 
agent, surveyor, and civil engineer, as all earthwork, stone, 
brickwork, well-sinking, formation of tanks or reservoirs, timber, 
&c., are calculated by it ; mensuration of superfices being the 
leading part of this branch of science. 

DEFINITIONS. 

A paraUelopiped or parallelopipedon is a prism bounded by 
six parallelograms, every opposite side of which is equal, and 
at right angles with each other. 
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Fig. 1, Plate 7. A rectangular parallelopipedon is that whose 
bounding phines are all rectangles, and are perpendicular to 
each other. 

Fig. 2. A cube is a square prism, being bounded by six equal 
square sides, and are perpendicular to each other. 

Fig. 3. A cylinder is a round prism having the two centres 
of the two parallel ends, about which the figure is described. 

Figs. 4, 5. A pyramid is a solid plane figure, whose base is 
either triangular, quadrangular, pentagonal, polygonal, &c., and 
its sides triangles, having all their vertices meeting in a point 
above the base, called the vertex of the pyramid. A p3nratmid, 
like the prism, takes its name from the base. 

Fig. 6. A cone is a round pyramid, having a circular base. 
The axis of a cone is the right line joining the vertex or 
fixed point, and the centre of the circle about which it is de- 
scribed. 

When a cone is cut obliquely, the section is then called an 
ellipse, as C D ; when cut parallel to one of its sides, as E F, the 
section is then a parabola ; and when cut vertical, or at right 
angles to the base, as D G, it is then an hyperbola. 

Fig. 10. A sphere is a solid figure, bounded by one surface, 
that all straight lines drawn from a certain point called the 
centre, within the solid to the superfices, are equal to one an- 
other. 

Problem 99. 

To find the solid content of any rectangular body, Figs. 1 
and 2. 

Rule. Multiply the length by the breadth, and the product 
by the height. 

Note, — If the dimensions are given in inches, divide bj 1728, the product will 
be feet. 
If the dimensions are given in feet, divide by 27, the product will be yards. 

Fig. 1, Plate 7. Required the solid content of the rectangular 
parallelopipedon in cube yards, A B = 20, A C = 10, C D = 10 feet. 

•20 X 10 X 10 = 2000 ^ 27 = 74 vards 2 feet 
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Fig. 2. Required the solid content in cubic inches of the cube 
A B C D, each side equal to 120 inches. 

120 X 120 X 120 = 172800 -r- 1728 = 1000 cube feet 

Problem 100. 

To find the solid content and the surface of a cylinder, 
Fig. 3, Plate 7. 

Mule. Multiply the circumference of the base by the height 
of the cylinder, and the product is the convex surface ; and 
multiply the area of the base by the height of the cylinder, the 
product is the solid content. 

Required the solid content of the cylinder A B C D, whose 
base A B = 36 inches, and the perpendicular height B C = 8 feet. 

36* X .7854 = 1017.8784 inches area of the base 
Then 1017.8784 x 96 = 97716.3264 -^ 1728 = 56.5486 cubic feet 

, Required the convex surface of the cylinder A B C D in 
superficial feet. 

3.1416 X 36 = 113.0976 the circumference of the base 
And 113.0976 x 96 = 10857.3696 superfidal inches, divided 
By 144 = 75.3984 superficial feet 

Problem 101. 

Fig. 4, Plate 7. To find the solid content of a triangular 
P3rramid.* 

Rule. Multiply the area of the base by \ the vertical height, 
the product wiU be the solid content. (For the area of the 
base, see Prob. 79.) 

Required the solid content of the triangular pyramid ABC, 
each side = 10 feet^ and height 40 feet. 

the| 

10 X 4.40 = 44 the area x 13.334 = 586.696 cube feet 

Problem 102. 

Fig. 5, Plate 7. Required the solid content of a square 
pyramid A B C D, each side = 10 feet, and height 40 feet. 

10 X 10 = 100 the area x 13.334 = 1333.40 cube feet 

♦ Every pyramid is the third of a prism having the same height and base. — ^Euclid, 
7 of XII. Cor. 
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Probletn 103. 

To find the surface and solid content of a cone or circular 
pyramid, Fig. 6, Plate 7. 

Eule. Multiply the circumference of the base by the slant 
height, and half the product will be the slant surface ; to which 
add the area of the base, the product will be the whole surface ; 
and multiply the area of the base by ^ of the perpendicular 
height, the product is the solid content. 

Required the convex surface of a cone whose base H I = 15.5 
feet, and slant height A H = 50 feet. 

3.1416 X 15.5 = 48.6948 the dronmferenoe of base 
Multiplied by 50 = 2434.740 ~ 2 = 1317.37 square feet 
Divided bj 9 = 135.264 square yards 

Required the solidity of the cone as above the perpendicular 
A B = 47.53 feet. 

15!5 X .7854 = 188.69235 x 15.843 ) of the height 
= 2989.45290105 -r- 27 = 110.720 cubic yards 

Problem 104. 

Fig. 7, Plate 7. To find the surface and solid content of the 
frustrum of a cone or pyramid. 

Euk. Multiply the sum of the perimeters of the two ends by 
the slant height, and half the product will be the slant surfece ; 
to which add the areas of the two ends, the product will be the 
whole surface of the frustrum. And to the product of the dia- 
meters of the tAvo ends, add the sum of their squares ; that mul- 
tiplied by the height, and by .2618,* ^^dll be the solid content. 

Required the convex surface of the frustrum of a cone 
A B C D, whose base A B = 30 inches, the slant height B C = 
28.5 inches, and top end C D = 16.5 inches. 

3.1416 X 30 = 94.248 and 3.1416 x 16.5 = 51.8364 

Added toc^cther = 146.0844 x 28.5 = 4163.4055 -i- 2 

= 20S1.?027 square inches ^ 144 = 14.4562 superficial feet 

Required the solidity of the same, the perpendicular height 
E F being 27 inches. 

30 X 16.5 = 495 + 30^ + 16.5* = 1667.25 x 27 = 45015.75 x 
.2618 = 11785.1234 cubic inches ^ 1728 = 6.82 cubic feet 

* .261 <i = \ of .7851-. 
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Problem 105. 

Fig. 8, Plate 7. Required the content in imperial gallons of 
the inverted frustrum of a cone A B C D, whose inner dimen- 
sions are 4^ feet deep, 22 inches diameter at bottom, and 28 
inches diameter at top. 

88 X 22 = 616 + 28« + 22« = 1884 x 64 = 101786 X .2618 = 
26634.4848 cubic inches -^ 277.274 = 96 gaUons 

Problem 106. 

To find the solidity of a wedge. Fig. 9, Plate 7. 

Bule. To the length of the wedge add twice the length of the 
base ; multiply that sum by the height and by the breadth of 
the base, and \ of the product will be the solidity. 

Required the content, in cubic inches, of the wedge ABODE, 
whose base B C = 26 inches, and width A B = 15 inches, the 
length of the wedge D E = 22 inches, and perpendicular height 
A E — 20.68. 

22 + 52 = 74 X 20.68 = 1530.32 x 15 = 22954.80 -H 6 = 3825.8 cubic inches 

Problem 107. 

To find the convex surface and solid content of a sphere or 
globe, Fig. 10, Plate 7. 

Bule. Multiply the square of the diameter by 3.1416, the 
product will be the convex superfices ; and multiply the cube 
of the diameter by .5236,* the product is the solid content. 

Required the convex surface of a sphere whose diameter 
A B = 36 inches. 

36' = 1296 x 3.1416 = 4071.5136 square inches 
-r- 144 = 28.2744 square or superficial feet 

Required the solid content of a sphere whose diameter is 36 
inches. 

36' X .5236 = 24429.0816 cubic inches ~ 1728 = 14.1372 cubic feet 

Problem 108. 

To find the convex surface and solid content of the segment 
of a sphere. Fig. 1 1, Plate 7. 

* .5236 = i of .7854. 
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Rule. Multiply the height of the segment by the whole cir- 
cumference of the sphere, the product is the curve surface. 
To find the solidity, add the square of the height to three times 
the square of the radius of the base ; multiply that sum by 
the height and by .5236, the product will be the solid content 

The diameter AB of the sphere ABCD = 35.813 inches; 
what is the convex surface of that segment whose height E D = 
13 inches. 

3.1416 X 35.813 = 119.5101 x 13 == 1469.63 mm inehes -i- 144 = 10.1579 

superficial feet near^ 

The base F G of the segment F D G= 34.5 inches, and per- 
pendicular E D 13 inches, what is the solid content? 

34.6 -i- 9 = 17.95« x 3 = 899.6875 + 13* = 1061.6874 x 13 = 13801.937 x .6936 = 

7996.6949 H- 1798 r= 4.189 cubic feet 

Problem 109. 

Required the number of ale gallons the segment A B C D 
contains ; the base A B = 34.5 inches, and perpendicular height 
C D = 13 inches, Fig. 12, Plate 5. 

17.95« X 3 = 899.689 x 13" = 1061.689 x 13 = 13801.967 x .5936 = 7996.71 ~ 

989 = 95.63 gallons 



■^ 
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PART II 



ON LAND SURVEYING. 



GENERAL OBSEBVATIONS. 



Previous to the commencement of a survey, it is requisite 
to have a knowledge of the country, either by observation, 
taken on some eminence, or from a well authenticated map ; 
firom which may be determined the most suitable position to fix 
the principal or base lines, so as to avoid obstructions that may 
prevent a continuation in measuring these lines to the extent 
desired or intended, also to select the most favourable and level 
part of the country for chaining. Sometimes it is advantageous 
to run these lines through or into part of the adjoining property, 
by which a better diagram is formed and many difficulties sur- 
mounted ; as all these lines forming the diagram are the basis 
of succeeding operations, see Plate 14. 

Having determined the position of the base lines, and ob- 
served particular objects that may be seen from different parts 
of the survey, proceed to pole or range out these lines very 
carefully in straight lines, which in many instances is a work 
of difficulty and labour, and of the greatest importance to the 
whole survey. 

Provide a number of straight deal rods about ten or twelve 
feet long, spiked at the bottom, and white and red flags at the 
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top, by which they are easily distinguished at a distance and 
over the fences, which are frequently an obstruction, and re- 
quire to be cut away to give a clear sight ; this should always 
be done cautiously, so as not to injure the fence or make gaps. 

It frequently happens that a prominent elevated object pre- 
sents itself in the distance as a favourable point to direct a line, 
and poling become unnecessary. Flags or marks must be left at 
all the intended stations, and fixed with great care in the direct 
line. Provided the distant object can only be seen at intervals, 
then the head surveyor should remain at the commencement, or 
any determined point on the line, to direct the assistants, who 
have proceeded forward, in fixing the flags ; when several of 
these flags are truly fixed, the assistants may then continue 
poling out the line without signals, and the process of chaining 
commenced, the surveyor at the same time observing the flags 
are correct with the distant object, and that they are truly per- 
pendicular, as it is the foot of the poles that forms the lines. 

During the operation of chaining the surveyor yhlH have an 
opportunity of observing the most favourable points to con- 
struct other lines intersecting those in operation. 

It is impossible to make a correct survey if any one of the 
principal lines are in the least crooked ; the same applies also 
to the plotting, as the lines drawn on the plan represent the 
chain lines ; if they are drawn the least curved, it has the same 
effect in disturbing the accuracy of the whole. 

To impress on the mind how important it is that the lines in 
chaining, and the lines in plotting, should be perfectly straight, 
and a proper allowance made for the undulation of the ground, 
it is recommended to plot all the principal lines from a well- 
knoAvn accurate surv^ey, and make only one of these lines a 
little curved, it will at once show the consequences that will 
occur to all the rest of the survey, therefore it requires as much 
attention in examining the straightness of the rule, and the 
correctness of the scale, as it does in poling the lines straight 
and the adjustment of the chain. 
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When the ground is hilly or thickly timbered, and no distant 
object visible, the best method of proceeding then is to plant 
the theodolite on rising ground about midway, so that^ if pos- 
sible, both ends of the line may be seen. Adjust the instru- 
ment perfectly level, and clamp the lower limb, loosen the clips 
that fix the telescope in the Y's, the upper limb being free, 
direct the telescope to the first station and clamp the upper 
limb ; then reverse the telescope on the Y's ; if the vertical 
wire in the telescope cuts the point required, let the instru- 
ment remain in that position until the whole line has been 
poled out, which is done by looking through the telescope and 
directing the assistants on both sides by signals as before. 

The flag-poles, being few in number, should be fixed as far 
apart as may be clearly seen, and the intervening spaces filled 
up with straight sticks about a yard high, having a slit at top 
in which is fixed a piece of white paper ; these will be found 
more generally useful for intervening stations, &c., the flag- 
poles being intended more for distant objects and particular 
stations. 

Having shown the importance of straight lines, the next 
matter for consideration will be the form of the diagram or 
basis to the whole survey ; this must be guided chiefly by the 
contour of the estate to be surveyed, and the nature of the 
ground as regards hills, woods, and water. 

The two first principal lines should, if possible, intersect each 
other nearly in the middle at an angle as near 45 degrees as 
possible ; these lines, also, should be the longest or bases of the 
two largest triangles ; and when the connecting lines are added, 
the whole diagram will then consist of four large triangles. (See 
Plate 14.) 

If the estate should be of a triangular form, the three prin- 
cipal lines may then be correctly proved, by having a line join- 
ing the two opposite sides, as Fig. 1, Plate 10. 

When all the base lines of a survey are measured or chained 
they should be plotted before proceeding any further. Firsts 
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construct the largest triangle geometrically, marking off by the 
scale the points at which the other lines intersect ; let those 
lines be drawn through the points and mark off their respectiye 
lengths, forming the whole diagram ; after the first triangle is 
plotted, every intersection of lines entered into the book should 
read the same by the scale, if the survey is correct, and if so, 
every line, great and small, must prove itself. 

Therefore under no consideration attempt to proceed with 
the survey until the whole diagram is proof against error in 
every line. 

In very hilly districts the system of triangulating cannot 
always be carried out to the fiill extent, but may in parts; it 
then becomes necessary to use the theodolite to determine the 
position of the chain lines by taking angles, in doing which 
there are two methods ; one is the nimiber of degrees and 
minutes contained between one object and the magnetic needle; 
the other is the number of degrees and minutes contained be* 
tween two objects. (See Instruments, Part V.) 

This system requires great nicety, both in fixing the axis of 
the instrument directly over the apex of the angle, and reading 
the angle correctly by the vernier. 

In order to have a check upon the angles so taken, frequent 
observations should be taken by the instrument to some fixed 
object that can be seen on different parts of the survey; if 
there is no object suitable, it is better to provide one or more 
by fixing up poles purposely, their position being accurately 
plotted on the plan. The measured length of these lines will 
also require particular attention, and the hypothenusal dif- 
ference made to each line ; this may easily be done at the same 
time, as the allowance to each chain is engraved on the arc of 
the theodolite according to the angle of acclivity or declivity. 
This subject is further explained hereafter. 

Strict attention is required to both systems, and a combina- 
tion of them will make a perfect surveyor. 

There is an equal responsibility in plotting angles, probably 
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more, when the amaU radiu8 of the protractor is frequently 
used to a long chain line; and however careful an angle 
may be pricked off, if that line is not drawn very delicately 
and truly through the two points, the radiation of the line will, 
at the extremity, be either considerably greater or less between 
the two extreme points: however, that may be examined by 
natural sines, or by trigonometrical calculation. 

Where the ground is favourable, an angle can be better 
plotted by a measured line than by the protractor. 

It is for this reason — ^the multiplicity of angles required by 
instrument surveying, and the time in taking them— that chain 
surveying is generally considered the most perfect 

The chain may, therefore, be considered the principal in- 
strument in surveying. The chain should be thoroughly ex- 
amined every day before commencing operations, for which 
purpose stakes should be driven in the ground the exact dis- 
tance ; or by comparing it with another chain kept purposely 
for that use, which is by far the best plan, as tricks have been 
played by moving the stakes. 

In selecting a chain, let it be moderately stout with elliptic 
rings, having three rings between each long link, which pre- 
vents its coiling up. 

To accompany the chain, there is always ten arrows or iron 
pins, about 13 inches long, formed Avith a ring at top, having 
slips of red cloth sewed to each, to make them easily seen in 
the ground. 

THE CHAIN. 

It is commonly called a four-pole chain, but more properly 
Gunter's chain, from the inventor. Dr. Gunter, an eminent 
mathematician. 

It is equal in length to four poles, or 22 yards, or 66 feet. 
The whole length is divided into 100 parts, called links, each 
link being ^^ of a yard, or -^%^ of a foot, or 7.92 inches. It 
is also diWded or marked at every ten links by a piece of bras?. 
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having points indicating the number of links firom the ends^ as 
10, 20, 30, 40 ; the centre, or 50, is distinguished from the rest 
by a circular brass. 

When reading the chain firom one end, after passmg the 50, 
the next brass yhlH count 60, the next 70, and so on, these 
numbers 40, 30, &c., being subtracted firom 100. 

Ten of these chains in length and one in width are equal to 
one statute or imperial acre, as thus : 

10.000 X 1.00 = 100.000 square links 
.660 X .66 = 43.560 „ • feet 
.220 X .22 = 4.840 „ yards 
.040 X 4= .160 „ rods or poles* 

By a statute made the 35th Edward I., an acre of land is 
to contain a quantity in any shape equal to 160 square poles or 
perches, of 16^ feet. 

In many counties there is a customary acre, now graduaUy 
getting out of use. 

It may be interesting to know the customary acre in different 
parts of England : 

In Devon and some parts of Somerset . . 15 feet to the peroh 

In Cornwall 18 „ 

In Lancashire 21 ,, 

In Cheshire and Staffordshire 24 ,, 

In the Isle of Purbeck and other parts of Dorsetshire 15 and 1 inch 

The yard was settled by Henry I. from the length of his own 
arm. 

In Wiltshire and its neighbouring counties the acre is dif- 
ferent, as 120 statute perches are an acre, instead of 160 
perches ; equal to \ less. 

The hide of land seems to have been the origin of land mea- 
sure in the Confessor's time, as the caracote was by the Con- 
queror s new standard ; either of which means the same as what 
we call a plough land ; that is, as much as can be tilled and 
managed by one plough, having meadow and pasture sufficient 
to maintain the cattle thereto belonoino:. The hide of land 
consisted of from 100 to 120 acres, according to the nature of 
the land to be worked by the plough. 

* To find the number of square links in anv number of acres, roods, and perches, see 
Table, No. 13. 
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USING THE CHAIN. 

The manner of using the chain should be carefully attended 
to, so that its length may be always correctly pointed off by the 
chain leader, as thus : 

The line having been previously poled out, the surveyor 
standing at the station point holds one end of the chain, the 
assistant with the other end in his right hand, and the ten 
arrows in his left hand, which are transferred one by one, as 
required, into the right hand ; on arriving at the extent of the 
chiun, he turns partly round, holding the arrow perpendicular 
at the end of the chain, looking towards the surveyor, who 
springs the chain until it is in a straight line with the fore 
object^ then, by motion of the head or hand, directs the leader 
to move the arrow accordingly, until it is in the proper point 
of the line, and the chain fairly stretched out; the arrow is 
then to be fixed in the ground, and the chain remain at rest 
mitil the surveyor has taken all the offset and remarks neces- 
sary, and at his signal proceed on to the next length, and so 
continuing, until the whole ten arrows are fixed or transferred 
into the surveyor's possession ; the leader then proceeds with- 
out any pins, adjusting the chain in the line, which must re- 
main at rest until the surveyor arrives at that end and puts one 
down, delivering the nine arrows remaining to the leader, each 
time carefully counting them at every change, and also at the 
end of every line, to prove 'that no mistake has occurred by 
dropping one or by false entry. 

Some men are excellent chain leaders. It is necessary, in the 
first onset, tQ instruct them to keep the line, by a back object : 
that is, by placing himself in a line with the arrow last put 
down and the mark or pole at the station, or some distant object 
that may accidentally be in line ; it saves much time and 
labour when the chain man is made to keep or pole out a line 
truly. 
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FIELD-BOOK. 

The field-book is ruled into three columns : the centre con- 
tains all the dimensions of the chain from the station to the end 
of the line ; the intermediate numbers are the points at which 
the ofisets are taken at right angles to the chain, or at the 
crossing of fences, footpaths, &c. 

The right and left columns contain the ofisets that are taken 
on the respective sides of the chain ; the margin on each side is 
for sketching the fences, buUdings, and every necessary memo- 
randum, such as the name of the field, the description whether 
arable or pasture (distinguished by the initial), the names of 
the adjoining proprietors or parish, &c., also the names of the 
occupiers. By carefully making these entries, it will be of 
great assistance in forming the reference. 

Accurate and neat sketching will be of great assistance in 
plottbg. Particular attention should be pfTin showing th, 
fences to which field they belong and where they change, at 
which point always take an offset; the ditch is always the 
boundary, and is noted in the field-book thus JXJL'X : the 
line denotes the ditch, the letter T shows the side on which the 
fence belongs ; and of describing a fence in plotting when it 
changes, the same marks must be carefully attended to. Many 
expensive lawsuits have occurred through disputes in claiming 
the ditch boundary, particularly where much timber is growing. 

OFTSETS. 

When the ditch is next the chain, the offset is taken at right 
angles from the chain to the edge of the ditch, ^d when the 
ditch is outside, the offset is taken to the middle of the fence 
with the offset staff, and six or seven links added to it, as a 
general allowance for the ditch, about 4 feet 6 inches from the 
middle of the fence. In some districts the width of the ditch 
varies, therefore it is requisite at all times to inquire of the 
occupiers their local custom. 
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In measuring buildings, yards, &c., a tape is the most useful 
instrument for that purpose. 

Sometimes there is what is termed a footset-hedge : that is, 
haying no ditch either side ; the offset must then be taken to 
the centre, and noted in the field-book thus Jj . 

A paling fence is known to belong where the nails are driven 

home, and described thus , excepting when it is the 

boundary next a road ; it has then sometimes a ditch outside. 
The usual allowance for a ditch must in that case be made. 

Walls are distinguished by two parallel lines =; footpaths 
and roads without fences by small dotted lines. 

Buildings belonging to the estate or survey are usually tinted 
or hatched ; and buildings not belonging have merely the out- 
line. 

The offset staff is also an important accompaniment to the 
chain ; it is ten links long, painted white ; each link is marked 
by a black painted ring, the bottom of the rod is shod with an 

iron spike, and the top has a stout open ring, as thus Q , to 

force or draw the chain through the bottom part of a fence. 
OfiGsets should, in general, be less than a chain. It is better to 
make a small triangle from the chain and have short offsets. 
See Line 0, Plate 11. 

All stations or lines are numbered numerically, having a 
small circle round them, thus (T), as station or line one ; and 
if two or more lines proceed from the same station, they are dis- 
tinguished by a smaller figure over, thus (v) or @, denoting 
that a second or third line conmienced from that point or 
station. 

Near to every fence a peg or mark should be fixed for an 
intended station or lines crossing it, and on other parts of a 
line where it is probable a line may cross it, and the number 
entered in the field-book; and against that number on the 
chain, in the offset column, a mark denoting that a line is in- 
tended to go fr6m or through that line, and in the direction 
shown, as thus Q-, denotes a line at right angles or therc- 

g2 
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abouts on that side the line ; or it may be two or three lines to 
the same point that will either commence or end at that point, 
as thus 0^ 9 showing the oblique or acute direction of the in- 
tended line or lines. 

In measuring the principal lines of a survey, it is advisable to 
put down a peg at every ten chains, entering it in the field- 
book, as, in case of accident in dropping an arrow, it becomes 
doubtful which it was that had lost it ; by going back to the 
last peg it is easily rectified This precaution will be found 
useful in many other cases ; particularly, when fields are very 
large, there would be no other marks left but these between the 
fences ; and should a line be required to intersect or finish on 
it, the distance would be trifling to measure for the exact 
number on that line. 

When a peg is put down for an intended station, that point 
may not be in the exact position by several links. The number 
originally entered in the field-book must not be erased; the 
pen must be drawn through it and the corrected number put 
underneath, and on the margin to show the working, that is, the 
number of links either added or subtracted firom the original 
entry, as shown by Line (^, Plate 11. Reference to it here- 
after removes all doubt of error, and explains the alteration ; 
this will frequently occur in a large survey. 

In all cases when a station is determined, cut a triangular 
hole round the station point, and fix the peg in the same hole 
in which the flag was fixed. 

On any one of the lines nearest to the north and south, 
with a small mahogany box-compass lay alongside the line and 
take the magnetic bearing, so that a true compass bearing can 
be attached to the plan. 

In taking angles for short lines, or for raising perpendiculars 
in cases of difficulty in crossing streams, or interruptions by 
buildings, &c., the box-sextant will be found to be of great 
assistance ; for a description of which see Instruments, Part V. 
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In order to make an embellished plan of an estate, the sur- 
veyor cannot be too particular in noting every detail during 
his operations (particularly the course of hills, if any). He 
should also be well acquainted with ornamental writing, and 
have a knowledge of landscape drawing, to give the whole a 
picturesque effect 

subveyor's duties. 

There are a variety of duties belonging to a surveyor beyond 
that of measuring and mapping — ^viz. : 

The assistance in the arbitration and settlement of disputed 
boundaries^ manorial rights, the purchase and exchange of land 
for improvements, encroachments, diversion of roads, streams, 
&C. ; a knowledge of timber falling, planting, and measuring ; 
88 well as a knowledge of mensuration of superfices and solids 
for measuring all kinds of materials and labour. 
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Problem 1. 

To ascertain the quantity of a piece of land without a plan. 

It is sometimes required to ascertain the quantity of a small 
plot of ground without a plan, but more particularly in agri- 
cultural purposes, to know the quantity of reaping, sowing, 
mowing, &c., in which case it is only measured as far as it is 
tilled, and all deductions made, such as footpaths, ponds, &c. 

When the sides of a field are tolerably straight, it is possible 
to approach tolerably near the truth, but in inexperienced 
hands the quantities are frequently very far from it, particularly 
when a piece is measured by ordinates ; that is, by measuring 
several widths across, adding them together, and dividing the 
product by the number of times, and that quotient multiplied 
by the whole length, taken up the middle, the product Avill be 
square links ; this method is erroneous, and should never be 
adopted. 
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When a field is measured by ordinates (see Fig. 1, Plate 8), 
the length should be taken as near the middle as possible^ and 
at the end of every chain put down a mark ; at right angles to 
the centre line measure from one side to the other, as shown 
on plan. 

Eule. Add the first and last length together as one sum ; then 
take the 2nd, 4th, 6th, and 8th lengths, add them together, and 
multiply that sum by 4; then take the 3rd, 5th, and 6th 
lengths, add them together, and multiply the sum of them by 
2 ; collect all three sums together, and multiply by the common 
distance, or 100 links, and one-third of the product will be the 
area. 

Another more simple method, without so much calculation : 
In measuring the line from A to B, put a mark at the centre or 
50 of every chain ; then measure from side to side through 
these points, add them together, multiply by the common dis- 
tance, 100 links, or add two cyphers, the product will be the area 
in square links, which reduce to acres, roods, and perches, 
according to the rules before given. 

This method is precisely on the same principle as the im- 
proved computation scale; as by that the fence at each 
end is equalised, and the length is taken in the middle 
of each chain, repeating that operation to the end without 
casting; so that it is similar to a piece of land perfectly 
straight, 3080 links long and 100 links wide, or 3.08000 
= 3a. Or. 14p. 

JSr. 1. A = 300 ^ 2 = 350 A 3 = 400 &. 9. C = 325 

B = 300 c 4 = 450 rf 5 = 430 D = 375 

^ 6 = 400 / 7 = '400 E = 425 

600 y 8 = 350 F = 444 

6200 1230 G = 415 

2460 1550 2 H = 403 

4 1 = 375 

9260 2460 K = 325 

100 6200 



3)926000 
3.08666 



3.03700 
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Problem 2. 

Fig. 2, Plate 8. The line A B represents one side of a field, 
or part of the triangle ABC; the quantity of which is re- 
quired without a plan. 

In the former examples the ordinates were set out at equal 
distances, in this they are set out perpendicular to the line A B 
to the several angles of the fence, dividing it into triangles and 
trapezoids ; each division is cast separately in the manner before 
shown ; they are to be brought into one column and divided by 
2, the quotient will be the area required. 

&r. 1. A =: 106 1 = 60 ^ 2 = 85 c 3 = 50 (/ 4 = 100 
0l=6O ^2 = 85 c3 = 50 6^4=100 ^5=64 



6360 145 135 150 164 

fl* = 146 Ac = 95 <?rf=150 rftf = 128 

Doabfe Areu. ■ ■ ■ — — 

360 870 675 7600 1312 

21170 580 1215 150 1968 

12825 145 



22500 .12825 .22500 .20992 

20992 .21170 

5760 e 5 = 64 

tfB = 90 



2)83607 



.41807 = 01. iB. 27p. 

1a. 3fi. 5p. 



5760 



:} 



AiidABC = LL Is. 18p. 

For the triangle ABC: Having fixed a mark at C, measure 
firom A to C in a straight line, leaving another mark at D, as 
near as possible at right angles to A C ; then measure from 
D to B, take half that distance and multiply it by the length 
before taken; this quantity, added to the former quantities, 
will give the whole area. 

800 X 340 = 272000 -r- 2 =1.360 or U. la. 18p. 

Or, measure the three sides and calculate the quantity by the 
rule. (See Problem 79.) 

Problem 3. 

To measure a field in the form of a |yapezium without a 
plan, Fig. 64, Plate 4. 
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In measuring a four-aided field, whether the fences are 
straight or not, set marks up at A B C D, measure the line 
A C as a base, putting in marks for the two perpendiculars a 
and 6, which is all that is required for the trapezium, if any, or 
all the fences are irregular ; do as in the last examples, keeping 
each side separate ; when all are measured, add them together. 

A very near approximation may be obtuned of any curvi- 

lineal figure. 

Prchlem 4. 

To measure a single field, Fig. 3, Plate 8. 

Having provided the necessary poles, and the chain in per- 
fect adjustment, proceed first to set out the lines to be mea- 
sured by the chain, by fixing marks or poles at each comer, in 
such position so as to avoid long ofisets. The surveyor should 
remain at each station to direct the assistant in fixing the poles 
at the determined point, provided there is no natural object 
When these four lines are measured, it is imperative to measure 
a diagonal or tie lines, as A and B, otherwise the work could 
not be plotted. It must be remembered, that one diagonal, or 
one tie, is not sufficient to prove the accuracy of the work. 
When two tie lines are adopted they should always be taken to 
or from the same base, then the opposite line wiU prove the 
accuracy of the whole when plotted; also if a diagonal is 
adopted, a tie line must be measured either at the angle or 
from a point in the diagonal to one of the stations, then the tie 
line becomes the proof These lines should always be taken on 
the most level or favourable ground. 

Commencing at (T), take ofisets at every bend of the fence 
and opposite an abutting fence, as at 390, and where it is 
intended to have a tie line, as at 268, put up a flag or mark, 
and notice it in the field-book as shown ; also at the end of the 
line — ^in both cases describing by the character the direction the 
lines are intended to take. When arrived at the last chain of 
the line, be careful the flag or peg is left at the exact number 
that is entered into the field-book, and that all necessary re- 
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marks, such as names of adjoining proprietors, the fence marks, 
&c., are truly entered, and, before moving the chain to proceed 
on the next line, connt the number of arrows held by each; if 
correct, deliver the whole to the chain man. Be particular, 
also, to notice stiles, gates, footpaths, ponds, &c. 

In like manner proceed with all the other lines, then measure 
the diagonal or such tie lines as may have been determined on 
during the survey. 

In every survey the magnetic north must be taken, and for 
such small surveys provide a small mahogany box-compass, 
place the edge of it in the direction of one of the lines, and 
read the angle the needle points to on the engraved circle, 
which is divided into degrees and half-degrees; sufficient for 
this purpose, enter it in the manner shown in the next example. 

To plot the work, that is, to lay down the lines that have been 
measured, take the largest triangle first, in the manner before 
described, and if the proof lines answer correctly to the book, 
proceed then to set off the lengths on the chain lines, and from 
those points at right angles set off the offi^ts ; through these 
points draw the fence lines. 

When inked in, calculate the quantities by the methods before 

described. 

Problem 5. 

To survey the same field, inaccessible by wood or water. 
Fig. 1, Plate 9. 

When the survey cannot be made within the fences, a dif- 
ferent system in laying out the lines must be adopted, by ex- 
tending one of the lines as a base at both ends, as line (T), 
leaving marks on the line as at 300, and 1325 for stations; the 
lines (2) and (4) are fixed by the tie lines A and B, and 
the line ^3) is then a proof to the whole. 

Commencing at (T), at which point leave a flag as the object 
for the tie line A, and another mark at 300 for line (T) ; at 
536, notice the crossing of the ditch ; at 1280, take an offset 
where the fence branches off; at 1325, put down a peg for the 
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next station (2) ; and at the end of the line leave a flag, re- 
marking in the field-book the direction the tie line is intended 
to take. 

Return to 1325 in the last line, and begin the second line. 
In crossing fences bIwsjs take the ditch as the boundary ; at 
450, put down a peg for the tie line B (it may be well to 
remark here, that to avoid crossing and recrossing fences as 
much as possible, leave the eleventh arrow in the ground, and 
measure the tie line B, which enter in the maimer shown, put 
down a peg, and bring away the flag, as that part of the survey 
is completed) ; then proceed on firom the arrow fixed in the 
ground, noticing the bmlding, footpath, and fence, finishing 
the line at 760 ; proceed on with the third line, and at the last 
chain ending at 1050, put down a peg In chaming the fourth 
line at 300, leave a flag for the tie line A, marking the direc- 
tion intended ; at 453 it crosses the fence, at 596 it doses at 300 
in (1), which completes the field work. 

In plotting the chain lines, first draw line (T^y mark oS the 
length and stations thereon as at 300 and 1325 ; then describe 
the two triangles A and B, and point off the lengths of lines (2) 
and (T). In describing the triangle A, to obtain the length 
from a to 6, subtract the number at b from the whole length, 
which write m the margin of the field-book to be left as 
reference (in large surveys this will often occur). Having 
described both triangles, apply the scale to the two points of 
line (3)) which should agree with the length entered in the 
book, this being a proof line. 

When short tie lines are introduced as a substitute for dia- 
gonals, or as proof lines in plotting the work, the angle lines 
may be further proved by multiplying the lengths of each line 
two, three, or four times ; the angle may then be plotted by 
this enlarged triangle. 

Problem 6. 

The four following examples are introduced principally to 
show the method of laying out the chain lines, either for small 
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or large surveys. There is no end to the changes that can be 
made, which must be governed by cirQumstances. 

Fig. 1, Plate 10. The boundary of this plot is triangular; 
although it is the simplest form, it is the foundation of all 
surveying by the chain only. Supposing this to be only one 
field, there would be just the same amount of labour. As 
before remarked, a triangle of itself is no proof of accuracy ; it 
may be plotted as a triangle without detecting an error, conse- 
quently a fourth line is requisite, either from the apex to its 
opposite side, or by a line joining the two opposite sides as here 
adopted, which answers in this case two purposes, by taking up 
the fence and proving the triangle. It was not absolutely ne- 
cessary to have a line purposely for the fence; that being 
straight, its position was determined by the two lines ® and 
(3) crossing it A line from (2^ to 502 in (3^ would also 
be a proof line. 

Let it be remembered that when straight fences occur, and 
are crossed similar to this at the top and bottom, that unless it 
is crossed a third time in some part of the line, it should have 
a short tie line to fix its position, as an error may be made in 
the crossing and nothing to detect it by the length. 

This is an excellent example for computing the quantities, 

first by reducing the fences to straight lines and casting by the 

scale. Fig. 1, Plate 42, second by the computation scale. Fig. 2, 

as described in Fig. 82 ; then compare the quantities ; should 

the difEerence exceed a pole to an acre the operations must be 

repeated. 

Problem 7. 

Fig. % Plate 10. Most surveyors in commencing a survey, 
are apt to think that unless the base lines are laid out in 
taking up a fence, it is wasting time and chaining for nothing ; 
which is a great mistake. In this example the main line is 
fixed nearly in the middle of the survey, and the succeeding 
lines so arranged they follow one another without running from 
one part to another ; this is a very material point to be consi- 
dered in all surveys. 
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Beginning at station (T) in chaining the line, every comer of 
the field can be observed ; at 340 put up a flag for a tie line ; 
at 708 put up another flag ; this it will be observed is an im- 
portant line, as it fixes the work on both sides ; beginning again 
at the end of this line at 190, fix a flag in such position as will 
pass through the point at 708 and pass along the fence forming 
the side of the largest triangle, the other side of which will be 
a proof line, also the lines (2*) and (6^ with the short tie line 
complete that side of the survey. 

Following up the survey by lines (2), (s)y and (4), by a 
short tie line from 340 in (T) the whole is completed. 

The plotting is extremely simple and effective. First con- 
Btructaie large triangle by the lines @ and parts of lines 
and Q5), mark off the whole length of these lines, and draw 
line r^j which is a proof line. Then construct the tri- 
angle formed by the short tie line (T) = 397 links and part of 
^^, draw the line ^8), which should be a proof, and cor- 
respond with the niunber entered in the book. 

Let this be cast up, as before directed, by both the systems 

last stated. 

Problem 8. 

To survey a small estate divided by a road, Fig. 3, Plate 10. 

The chain lines in this example are few and effective as a 
whole or as separate fields. 

On the base line (l^ are constructed two triangles, one by 
lines (v) and (9^ ; the other by lines (¥) and (4) ; having 
marked the different stations on them, line (T) should, by 
applying the scale, coincide with the dimensions entered into 
the field-book at every intersection, the small trapezium at the 
end of (2) is proved, also the trapezium formed by lines (6J 
and (T) ; line (o^ also, taking up the road, is a proof, with 
exception to the small triangle 180 and 340 on line (P), which 
is entered on the margin of the field-book, every line in the 
survey proves itself, after plotting the two triangles before 
mentioned. 



SURYETINQ BY THE CHAIN ONLY. 93 

It is recommended to plot this survey to a larger scale, and 
compute the quantities by both methods. 

Problem 9. 

To survey three fields and detached cottage, Fig. 4, Plate 10. 

The botmdary of this plot is of more than ordinary occur- 
rence. On the !K)uth side there is a prohibition not to trespass 
on the ground (not uncommon to surveyors), the narrow slip 
of meadow on the west^ a wood on the east, the centre forming 
almost the sector of a circle. * 

Such a survey as this will necessarily command more lines 
to connect them under existing difficulties than otherwise would 
be if the adjoining land were firee to chain over. 

The first large triangle is formed by lines (T) and part of 
Q^, part of (2), and (T), leaving marks or pegs on each for the 
necessary stations ; line (^ is continued to take up the road, 
cottage, and garden, depending only on the short line of 161 
links. Had there been no opposition, an excellent triangle 
could have been formed from the road into line (T), or from the 
end from (3) to (5^, at the same time reducing the number of 
lines; line ^4) commences at 161 in (Z^ ; at 852 have a flag, 
and another at 709, finishing it at 780 in (l^ ; lines ^5) and 
(6) i^uire only the application of the scale to prove the 
greater part of the survey ; the same also, to the short lines in 
the meadow, are all proved by the several intersections. 

Should there be an error in any one of these lines, the whole 
would be afi^cted, and every line must be . re-measured until 
the error is discovered. 

Problem 10. 

To survey a small estate, Fig 1, Plate 11. 

This example, if carefully studied, will point out the prin- 
ciple by which surveys of any extent should be conducted. It 
has before been remarked that the letter X (see Prob. 18) is 
considered the best foundation to work on, which is fully ex- 
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emplified in this case . for when the triangle formed by lines 
(T), (T), and part of (P), and the respective lengths marked 
off, the application of the scale to all those lines connected with 
them must prove themselves, or one of the three must be in 
error ; therefore, as before stated, it is imperative on the sur- 
veyor to examine and correct them before proceeding further. 

Having first obtained a tolerably accurate knowledge of the 
extent and position of the estate about to be surveyed, fix on a 
point where the longest and most important lines can be made 
through the centre of the estate, as at (l) and (v). 

By referring to the plan, Z .urv^eomm^ ^ «.tien 
(T), on which the several stations are fixed to take up the irre- 
gularities of the brook, leaving but littie to enter into the field- 
book, excepting the crossings of fences; the small triangles 
between 556 and 870, and between 1195 and 1698, are filled 
up afterwards, or at the time when chaining tiie line. 

The second line commences at the end of (V) ; this is also a 
principal line, although having only the intended stations and 
the crossings of fences to enter. It is worthy of notice, that in 
these lines there appears so little matter entered ; in chaining 
them it gives the surveyor a better opportunity in fixing the 
minor lines to fill up the survey, also, from his first observa- 
tions, he was prepared to intersect (P) near the middle of the 
line, leaving a peg for that purpose (see field-book) at 1050 
in line (2^. At the termination of this line the third line com- 
mences, crossing the first station at 404, which terminates at 
596 ; now both these lines are proof lines to the greater tri- 
angles. 

Commencing again at (li) or (p) is another important line 
of the survey, as it takes up a length of fence and fixes the posi- 
tion of a small field in a comer out of the general survey, 
which is completed by the lines ^5) and (6) ; the seventh line 
ending at 1320 in n^ completes the other large triangle, also a 
proof line ; the smaller lines following in succession finish the 
survey adjoining the brook. 
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Line (n^j by the intersections of the great triangles, as also 
the small trapezium next the brook, is a further proof. In 
like manner the intersection of lines (l3) and (Ts) fix the 
upper part of the survey, each line proving itself, and completes 
the survey. 
' In all cases endeavour to follow up the chaining successively, 
and avoid running from one part of the survey to another, 
which may be easily accomplished by bearing in mind the 
effect of the succeeding lines in conjunction with the principal 
lines of the diagram. 

It must be observed, all the lines in this survey are confined 
within the boundary of the estate, and, fi^m the peculiar and 
irregular form of it, the diagram may be changed by chaining 
over the adjoining lands, which must create more labour and 
loss of time in crossing fences (which should at all trmes be 
avoided as much as possible), and becomes very questionable 
whether in the end time and labour is saved by it; neither 
can the accuracy be called in question. 

The plotting of this survey will be very simple and easy. 
Lay the largest triangles down first ; next construct the triangle 
by lines (13) and Q5), which being extended, and their lengths 
marked off, proves the connecting lines by the scale, as well as 
aU minor lines. 

The quantities have before been noticed. (See Problem 97.) 

Estates are very frequently distributed, and small parcels lay 
at a great distance from the bulk; to connect them by the 
roads would be a waste of time, and make an ugly plan. 
Having the meridian line to each piece, they may be placed on 
the plan somewhat in the direction and in the true bearing; 
then one compass on the plan will answer for all. 

Problem 11. 

To survey a road. Fig. 1, Plate 13. 

When no opposition is made to enter the adjoining lands, 
this example by the chain only is expeditious and accurate ; if 
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the survey is confined within the boundary fences^ the angles 
must then be taken by the instrument^ which will be hereafter 
explained. 

Although only a small portion of the road is shown, the 
construction of the chain lines fiilly exemplifies the previous 
observations on the truth of the intersection of two lines, and 
the proof they give to one another. 

Commencing at (l^y leave a peg or mark at 484 for station 
(2), and at 960 leave another mark, also one at the end of the 
line ; return back to (2), and regulate the length of that line 
by the mark or flag set up at 960 in (T), sending a flag forward 
at the end of ^3) to be fixed in the same line ; then finish 
chaining the first three lines. • 

The end of the third line must be regulated by the flag fixed 
at the end of the first line, and a flag sent forward to fix in the 
line (7), and so on one line after another to the end of the 
survey. 

To plot this : Draw line (T), and mark off the length and 
different stations on it ; take in the compass the length of line 
(2)y and describe an arc; then with the distance 510 from 960 
in (T), intersect that arc, draw the lines, and mark off the 
length of (S). Draw the line (4^ from the end of (3^, through 
the point end of (T) ^VV^J t^^ scale, and if the length from (^ 
to the end of (T^ agrees with the entry made in the fidd-book, 
the foundation of the whole survey is correct ; having marked 
off the length of line (T), apply the scale to line (5). This pro- 
cess must be repeated on every fresh base, and requires only one 
triangle by construction. 

Note. — ^For small surveys a regular field-book is not so convenient as a sketch- 
book about the size of letter paper, in which, by correctly sketching the subject 
about to be surveyed, draw in the chain lines by dotted lines, as shown by this 
example. 

Problem 12. 

To survey a river or brook, Fig. 1, Plate 14. 

This example is similar to the last, except that the land is 
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generally found to be more open and level, and therefore better 
adapted to sketching, as is here shown. 

In either example, where wood or plantation interferes, then 
the use of the instrument is necessary, and even then it is diffi- 
cult to obtain a dear sight for any distance without cutting a 
way purposely. For small surveys like these the box-sextant 
will be found the most convenient. 

From the deamess of the field-book, there can be no diffi- 
culty in plotting both the examples to a larger scale. 

Problem 13. 

To continue a base line when obstructed by a piece of water, 
buflding, &c., Fig. 2, Plate 14. 

This is one of the greatest calamities that can happen In 
chunuig the principal line of a large survey. From the undula- 
tion of ground it is impossible for the surveyor in every instance 
to avoid such unexpected interruptions, although previously 
prepared for crossing a river, as shown in the next example. 

It must be borne in mind that a base line is of such import- 
ance to a survey that it must not be abandoned ; beyond this 
obstacle referred to, which is supposed to lay in a valley, the 
line has been accurately poled out to the extent on the oppo- 
site rising ground, therefore the intervening space has to be 
obtained to make the length complete. 

On the base line, A B, raise two perpendiculars, either by 
the box-sextant or by the chain, as a 6 and c d ; extend these 
lines to h and d equal to 400 links, then measure the distance 
firom 6 to d^ equal to 450 links, add this sum to the length of 
the main line up to a, say 1000, then will the line to c be equal 
to 1450 links ; entering it into the field-book precisely as it 
occurred, then proceed with the chaining as before. 

If the water should extend to the right, set out lines accord- 
ing to the nature of the figure, and sketch them in the field- 
book; this may be surveyed before proceeding on with the 
main line. 

H 
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Problem 14. 

To erect a perpendicular by the chain, Fig. 2, Plate 14. 

Set off on the main line A B 40 links from B to a ; fix one 
end of the chain firmly at B, and take the chain at 80 links, 
hold that firm at a, then take the chain at 50 links, pulling it 
tight both ways imtil they are quite straight, and put down a 
peg at ey which will be the point of the perpendicular ; so that 
B a is 40, ae 30, and B ^ 50 links. 

Another method : 

At 40 links from a fix one end of the chain by the oflfeet 
staff at B ; let the assistant hold the chain at 80 links at a ; 
then take the middle of the chain 50 links, stretch the chain 
firmly on the ground, and a mark or peg put in at e wiU be 
the perpendicular to B a. 

THEODOLITE SURVEYING. 

Problem 15. 

To continue a base line over an Laaccessible river, Fig. 3, 
Plate 14. 

When the base line crosses nearly at right angles. 

From c measure back 400 links to a, and fix flags at both 
points ; raise a perpendicular at c, and set off 300 links at d 
and fix a flag ; at a raise another perpendicular and set off 600 
links at 6, and fix a flag ; now measure from a to rf, which 
should be exactly 500 links, otherwise it must be corrected ; 
then from dtob 500 links ; this point also must be minutely 
correct^ as the distance across the river depends entirely on the 
accuracy of the points d b. Tliese points being truly settled, 
send the assistant over the river to fix a flag at e correctly in a 
line with the flags at c a and the flags at c? 6 ; then the distance 
across the river from e to c will be equal from c to a. 

Another method, Fig. 4 : 

When the base line crosses the river obliquely. 

First set out the line D B E as part of the survey to take up 
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the river ; at any part of the line as E, with the box-sextant 
set at 90 degrees, having a flag previously fixed at C in a direct 
line with A B ; keep moving on the line E B till you have 
brought the two flags together on the mirror, which will be the 
point perpendicular to E B ; measure the distance from E to B 
equal to 400 links ; measure the same distance from B to D ; 
at D raise a perpendicular as before ; directing the assistant to 
move till he is at the point of intersection at A, measure the 
distance from A to B equal to 475 links, which will be the 
distance across the river frK)m B to C. 

SURVEYING HILLY GROUND. 

Chaining over hilly ground is not attended to by surveyors 
in general with that caution the subject deserves. 

There are few countries where an extensive survey has to be 
made without a portion of hill and vale. A moderate gentle 
slope is by no means objectionable, as it enables the surveyor 
to have a better view of the country and to lay out the principal 
lines, in setting out which endeavour to command the sidelong 
ground for the chief lines, the hypothenusal angle will then be 
much reduced. 

It must be remembered that when a survey is plotted it 
represents a perfect plane, and in chaining the lines they should 
be so conducted that every length should be a point exactly 
equal to the base of a right angled triangle. 

For instance, by way of exemplifying the subject, suppose 
a flight of 20 steps, each step Ln width 1 foot, equal to 20 feet 
on the level, and the whole height 12 feet, tlie length of the 
ascent or hypothenusal line will be 23 feet 4 Lnclies nearly in 
that short length (the difference is considerable, for as the angle 
of acclivity or declivity increases, so also will the difference 
increase) ; consequently, if a proper allowance in the length of 
the line measured up an incline is not made it is utterly impos- 
sible to plot a survey correctly. 

It is the practice of many surveyors in chaining hilly ground 

h2 
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to hold up one-half the chain and drop a stone or one of the 
arrows to the ground, intending to make that a perpendicular 
point ; it is perfectly ridiculous and imperfect 

The only true method is first to ascertain the angle, and 
make the allowance when plotting the survey, or by making 
the allowance on each chain at the time of measuring the line. 

When surveying in a hilly country the surveyor should be 
provided with the table for reducing the hypothenuse (see 
Table, No. 1 2) ; take the angle by the box-sextant, or by a very 
simple and portable instrument for that purpose invented by 
the author. (See Quadrant, Fig. 1, Plate 38.) 

The chief argument on hilly ground is the difference between 
the base and hypothenuse. (See Problem 19.) 

In taking the angle of inclination or declination, be careful 
the forward object is equal exactly to the height of the eye 
when taking the sight, so that the imaginary line be parallel to 
the surface. 

When an angle is measured by the theodolite, the allowance 
to each chain is engraved on the vertical arc according to the 
angle. 

As a further elucidation on the subject of hilly ground, a 
pale fence or growing timber on the acclivity of a hill will not 
occupy more space than it will on level ground ; but the rails 
to which they are fixed, having the same slope as the hill, must 
therefore be longer in proportion to its angle. 

So also might be said in planting trees. This approaches 
very near to the first argument, that of the steps ; the root of 
each tree must have a sufficient base for the nourishment of its 
root, having a certain width round it like so many steps ; con- 
sequently there could not be more trees, and in some cases, 
according to the nature of the ground, there may be less than 
on the level ground. 

It is rather questionable whether there be more com or 
grass ; at all events, it is well knoTNTi the quality will be in- 
ferior. 
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The subject of quantity is already decided, as it is estimated 
from a perfect plane. 

The only thing that can be reasonably admitted is the work 
of the labourer, consisting wholly of superficial and lineal 
measure, as mowing, reaping, hedging, ditching, &c. 

When a hill approaches a semi-globular form it can only be 
an approximation, and the method of obtaining the difference 
is by fixing a number of poles round the hill, and observing 
the angles from the top j in practice the surveyor should avoid 
these difficulties as much as possible. 

Those who are desirous of entering more minutely into the 
subject are referred to the calculations made by Dr. Hutton, 
and Dr. Maskel}iie's observations in Scotland in the years 
1775 and 1778. (See the Philosophical Transactions.) 

TO SUBVEY AN ESTATE OB PARISH BY TUE CHAIN ONLY. 

Problem 16. 

Hates 15, 16. The chief point now is to draw the attention of 
the student to former observations on a more extensive survey ; 
and he is strongly recommended to plot the whole of this 
survey firom the field-book, to a scale of 3 chains to the inch, 
and compute the same by the several examples previously 
shown. 

By this practice the knowledge gained will more than com- 
pensate for the trouble ; merely reading over the field-book and 
referring to the plan will not impress the subject so firmly on 
the mind 

Agreeable to the instructions given in the General Observa- 
tions, and referring to the plan, the lines (^, (¥), and f3) 
constitute the largest triangle. In poling out line (T) a tree 
on an eminence in the distance assists greatly ; in like manner, 
at the same station, the steeple in the distance was another ex- 
cellent object ; in poling out line (P) these two lines will at 
once show the importance of their portion in relation to the 



102 LAND AND ENGINEERING SURVEYING. 

Other portion of the survey ; by extending these lines beyond 
the limits of the estate, proves at once the superiority of the 
diagram by the lines (T), (T), (3), @, and (J). 

' When all these lines have been chained they should be im- 
mediately plotted. 

First construct the largest triangle by the help of a beam- 
compass ; point off the intersecting number on line (T) at 2255, 
and on line (2^ at 2210 ; draw line (T) from that point through 
the intersecting point in ^l), and set off the whole 2990 links ; 
then apply the scale from the end of (T) to (T) ; if correctly 
measured, the distance by the scale of © must agree with 
the number entered in the field-book ; if it does not agree, the 
error must be found before any further proceedings are made. 
The cause must arise either from bad chaining, or false entry 
in the field-book, or crooked lines m the poling, or an error in 
plotting. 

When all the principal lines are plotted satisfactorily, every 
line afterwards must prove itself by the application of the scale, 
from one station to another, and at every point of intersection. 

In the large triangle to the west the lines (6^ and (T) govern 
the rest of the smaller lines in that triangle, completing that 
side of the survey. 

The north part is governed by the lines (^ and (u), fixing 
aU the inferior lines, and completing that part of the survey. 

The triangles at the north-east, the lines (9^ and ^ govern- 
ing and completing that part. 

The remaining portion is governed by lines (5), (19), and 

By adopting this system of confining the details of the sur- 
vey within the district formed by the principal lines, it will pre- 
vent running about from one part of the survey to another ; it 
is also more expeditious, and the plotting much clearer to be 

read. 

As before observed, all chaining performed in the day, the 
lines should be plotted at night ; in case of any accidental error 
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it is more easUy rectifieA Plotting the fences and other mi- 
nutiflB remain for a wet day ; never leavQ off chaining otherwise. 

On several of the lines at (n) and (14) short lines are in- 
troduced instead of long ofisets, which should always be 
avoided ; it is better to measure these at the same time the 
line is chained. 

Supposing this to be a survey of many thousand acres, the 
same sjrstem must be used ; it would be only an extension of 
time and labour, and that may easily be reduced if required to 
be executed in a short time. 

Two or four surveyors may be engaged at the same time ; 
but all the principal lines forming the diagram should be first 
chained and plotted, and a division given to each surveyor, 
with a copy from the field-book of the base lines as far as may 
be required. 

ObsCTve not to roll the paper on which the plan is to be 
plotted ; if possible, confine it to a board until the whole is 
completed. 

At the conmiencement make a scale on the paper, and occa- 
sionally apply the plotting scales to it to ascertain if any dif- 
ference has occurred by atmospheric influence. 

SUBVBYING WITH THE THEODOLITE. 

In 8urve3ring with the theodolite its chief use is to measure 
the angle formed by two lines, in doing which there are two 
methods that may be applied to obtain the same result. 

By the first the angle depends solely on the nicety of the 
magnetic needle, which is frequently very uncertain. The 
second method is more positive, though in both cases it requires 
equal attention in adjusting the instrument and reading off the 
angle. 

There are many advantages to be obtained in surveying with 
the theodolite ; in chaining hilly districts, the horizontal angle 
and the hypothenusal difference is given at the same time ; it 
is valuable in taking angles of parts that arc inaccessible, and 
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obviates many difficulties the chain by itself could not perform 
with equal accuracy and time. 

In the survey of towns it is indispensable. It is also valuable 
in proving or determining the position of stations or distant 
objects, and in poling out long lines over hilly districts. 

A full description of the Theodolite is given in Part V. 

The whole of the plans that have been previously introduced 
to show the method of surveying by the chain only, are re- 
peated in the following examples, with the view of drawing the 
attention of the student more directly to the difference of 
practice used in both systems, and by comparing one with the 
other he wiU more readily discern which of the two systems 
is best adapted for the survey. 

The surveyor possessing a thorough knowledge of both sys- 
tems is sure to overcome the greatest difficulties by a combina- 
tion of the two. 

There are no fixed laws to direct the smreyor at which part 
he is to begin, or what figure to make with the chain lines; 
the same surveyor could vary them and still be a good survey. 

The best survey is that which has the least number of lines. 

Problem 17. 

To survey a single field with the chain and theodolite. Fig. 1, 
Plate 17. 

In the former example (Fig. 3, Plate 8) the regular field- 
book is introduced, in this example the system of sketching is 
adopted ; the chain lines and ofi>^ts are the same in both ; in- 
stead of diagonals or tie lines, which were required in the 
former to plot the chain lines, the angles taken by the instru- 
ment produce the same efiect. 

As before remarked, a triangle by itself has no proof; so also 
in this case one angle is no proof. Therefore it is necessary 
that two angles should be taken on the same base ; then the 
line opposite to them would become a proof line by the appli- 
cation of the scale. 
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Problem 18. 

To survey a field outside the fences, Fig. 2, Plate 17. 

The observations made on the last example will apply in 
every instance to this ; the only difference is the chain lines, 
being outside the fences, cause more trouble in crossing the 
several fences, and making a clear sight through them for the 
instrument in taking the angles. 

To plot these, draw the base line on which the angles were 
taken ; place the centre of the protractor exactly to the station 
points^ and zero, or 360° ; with a fine needle prick off the 
angles as inserted in the field-book, draw lines through these 
points, mark off the respective lengths ; the last line will be a 
proof to the whole. 

Problem 19. 

To continue a base line obstructed by buildings, water, &c., 
Fig. 3, Plate 17. 

The former example (Fig. 2, Plate 14) is tedious when com- 
pared with the instrument. 

In this case the box-sextant may be applied with considerable 
advantage in every respect ; it answers the purpose of the theo- 
dolite. 

The base line being stopped at a, put down a peg, set the 
vernier of the sextant to 90°, send a man forward with a flag- 
pole, having another fixed on the base line at A ; then standing 
firmly on one heel directly on the point a, look through the 
hole in the box towards A, and direct the flag at 6 to move 
gently imtil it coincides with the mirrors in the box, which 
will be the point perpendicular to the base. 

Then from a set off any convenient length sufficient to clear 
the pond, and fix the flag at that point (say 400 links) ; then 
on the other side of the water, at c, raise another perpendicular 
in like manner, and set off an equal distance and fix a flag at 
d. Then measure the distance from 6 to J, equal to 500 links 
(as the case may be), that being equal to the inaccessible dis- 
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tance from atoc; adding this to the number measured up to 
a will give the length of the base line to c ; from thence the line 
may be continued. 

iVvft&m 20. 

To continue a base line over an inaccessible river, Fig. 4, 

Plate 17. 

First : When the main line A B crosses the river nearly at 
right angles, fix flags at a and c? at a convenient distance from 
the edge of the river ; at a erect a perpendicular, and measure 
off any convenient length, say 300 links, as at 6 ; at this point 
place the theodolite and adjust it (see Instruments, Part V.) ; 
then measure the angle a, 6, c, equal to 53 degrees ; turn the 
telescope round, the lower plate being clamped, and set it to 
the same angle on the base line ; fix the flag at d ; measure the 
distance from c to a equal to 400 links, then a d will be equal 
to a c. 

Problem 21. 

To continue a base line when obstructed by a house, garden, 
and premises. Fig. 5, Plate 17. 

This obstruction is of greater extent, and requires a different 
operation, to the former examples. 

Fix the theodolite at a, set off an angle of 30 degrees on 
each side the base line, and mark off any convenient distance, 
say 400 links, as at 6 J; fix the theodolite over both these 
points, and set off 120 degrees each, intersecting each other at e ; 
if correct should be equal to 400 links, the same as the other 
sides ; then will abdhe equal to bde, and both are equilateral 
triangles ; the angle e will be equal to the angle a. 

If possible to chain the line c? 6, fix a flag at 200 links from d 
or b at the point c ; the line A B may be then continued. 

The four lines, a, b, e^ rf, serve to take up the boundary fences 
to the premises, and probably the line b d may be used for the 
interior part ; otherwise a sketch of the whole must be made 
within the lines a, 6, rf, e^ and a separate survey altogether. 
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In a large survey such an obstacle as this happening in the 
middle of the base line, it should not be continued upon such a 
slender foundation as from c to ^ ; better abandon the line or 
change the diagram. If it happened very near the end of the 
line, it may then be adopted if executed with peculiar care. But 
if the obstacle lies in a valley, and the ground on each side so 
elevated as to see over it and pole the line, then this process 
would be sufficiently accurate. 

Problem 22. 

In the four following examples the field-book is dispensed 
with, and the lines, with their lengths, and such angles as are 
requisite to plot and prove the acciu'acy of the survey, are in- 
serted on the plan. 

To survey a field with several sides, Fig. 1, Plate 18. 

First fix flags or marks to all the stations ; conmiencing at a, 
ch^ the lines regularly round the field, leaving marks at 173 
in (2), and 176 in ^4) ; then take the angles at a, 6, c, which is 
all that is required. 

It must be noticed that by extending line (6^ to 173 in 
(2^ it saves taking a very obtuse angle at station (^i as 
line Q^ is fixed by the measured angle, so also will line (¥) 
be fixed. The angle taken at c fixes line (T), consequently line 
^o) becomes a prftof line, provided the lines and angles have 
been accurately taken ; line (T) is similar to that of (6^ by cross- 
ing part of the field from c to 6 ; the angle taken at b deter- 
mines line (e), therefore line ^5^ is a proof, and the survey is 
finished ; by extending (6^ and (7) two angles less are required. 

Supposing the lines (T^y (3), and (6) were extended to J, 
the intersection of (q^ and (Y), and line (2^ fixes every line in 
the survey, line (5^ being the only one not plotted and the last 
proof; comparing this and the example. Fig. 2, Plate 10, with 
Fig. 3, Plate 18, will clearly show which of the three examples 
are best ; in the one instance there is the care and trouble with 
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the instrument and time in taking the angles and plotting them, 
the others require only the chain and offset staff. 

NoU.—When sorveys are executed bj the chain with the theodolite it b not 
adrisable to take angles at every station ; a multiplicity of angles would only 
create mistrust and confusion, nor is it possible to take angles with that great 
degree of nicety to be proved by the sum of the whole, as will be shown in the 
next example; and the method adopted in practice to prove angles taken on 
large surveys will be further explained. 

Problem 23. 

Fig. 2, Plate 18. EucUd, Book I., Prop. 32, Cor. 2 : "All 
the exterior angles of any rectilineal figure made by producing 
the sides successively in the same direction, are together equal 
to four right angles." 

Because the interior angle, ABC, and its adjacent exterior 
angle, A B D, are together equal to two right angles, therefore 
all the interior angles, together vdth all the exterior angles 
of the figure, are equal to twice as many right angles as the 
figure has sides. 

It has been proved by the foregoing corollary that all 
the interior angles, together with the four right angles, are 
equal to twice as many right angles as the figure has sides. 
Therefore all the interior angles, together with all the exterior 
angles, are equal to all the interior angles and four right angles, 
and all the exterior angles are equal to four right angles. 

The given figure has five sides ; the sum of all the interior 
angles will be = 5x2 — 4 = 6 right angles = 90"^ x 6 = 540, viz. : 

I>eg. Min. 

L A = 121 10 
„ B = 103 45 
„ C = 69 25 
„ D = 142 60 
„ E = 100 50 



640 00 Proof of angles only. 

Problem 24. 

To survey three fields divided by a road, Fig. 3, Plate 18. 

Although the boundarj^ of this plot is very irregular adjoin- 
ing the stream, the number of chain lines are few and efiective, 
requiring only three angles by the instrument, as A B C. The 
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necessary flags being fixed, commence chaining at A ; on this 
line leave two station marks at 867 and 1662, length of line 
2210 ; (^ commencing at the end of (l)y leaving off at 550, 
there fix a flag ; now return to 1662 in (l) and chain line (3^ ; 
at 338 the end of (2^ completes the triangle on base (T) ; at 400 
put down a peg and continue the line to 586 ; this line by the 
triangle is fixed ; return to 400 in (3) and chain line (J) ; at 
192 put down a peg ; leave the pin in the ground at 200, and 
proceed to measure the two short lines of the trapezium and 
enter them in the margin of the field-book, which finishes up 
that part of the survey ; for these short lines take the angle at C 
96** 10' with the box-sextant ; the trapezium is then proved ; 
now commence again firom the 200, at 740 have a peg, and at 
1042 have a peg or mark, finishing the line at 1618, there fix a 
flag. Return to (T), stopping at the last flag 450, and finish 
the triangle A (which enter in the margin of the field-book) : 
continue the line to 740. Although this line is fixed by line 
(^, it is possible an error may occur in chaining, therefore to 
guard against casualties take the angle at A ; proceed with (5J 
and (6)j take an angle at B ; the line (J) is a proof to this tra" 
pezium ; line (T) completes the survey ; this is also a proof line. 

The plotting of this survey is extremely simple. First plot 
the angle A, next the triangle D ; set off the station and length 
of (v), and the station and length of (^ ; the lines (P) and 
(S^ are fixed ; apply the scale to line (4) ; if it agrees with 
the length entered in the field-book the survey is correct. Now 
plot the angle B and set off the length ; this line is fixed ; 
apply the scale to ^5) and (T) ; the chain lines being all proved, 
plot the ofisets, and all is complete. 

This example shows the great advantage of combining the 
two systems, and not to depend wholly on the use of instru- 
mental angles. 

Problem 25. 

To survey three fields peculiarly situated. Fig. 4, Plate 18. 
This example possesses more difiiculties in projecting the 
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chain lines than any preceding it. By comparing it with 
Fig. 4, Plate 10 (the same plot), it is at once very evident that 
the theodolite reduces labour and time by the redaction of 
chain lines. 

Commencing at line (T), at 239 measure up the small triangle 
and enter it in the margin of the field-book ; at 762 leave a 
flag, to be seen from the road, for line ^6), which, by taking an 
angle, will be a fixed line ; finish chaining line (T) and the 
small triangle at the left ; next proceed with line (2), which 
passes through the hedge near 575. It will be observed this 
line divides a very crooked fence, making the ofiGset short on 
both sides, and avoiding the wood ; at the end of this line take 
an angle to fix line (3), supposing permission was not given to 
cross the field next the road, otherwise the angle would be use- 
less, as lines (3), (4), and (s) would be proof lines. The cot- 
tage-garden in the one case must be taken up by a small tra- 
pezium ; in the latter, it can be taken up by ofi^ts from the 
two lines (3) and (6). An angle must be taken at the end of 
(5), which determines the position of that line ; in feet, by 
measuring the whole of (6^, and the two angles on that line, 
determines the whole survey. 

To plot this survey first draw line (T), mark off the different 
lengths, and the angle at 762 ; draw line (6^, mark off the 
length 507 links, and prick off the angle 108"^ 0' ; draw line 
(5^, mark off the station 383, and the length 766 links, proved 
by the scale, as also line (T). 

In every kind of survey the diagram or chain lines should 
always be kept in the mind, to determine on certain angles by 
which the work is to be plotted, as it is only then that the cor- 
rectness or defects of the survey can be discovered, which 
shows the necessity of plotting the chain lines immediately. 

It is always better to have a line or angle too much, than to 
want one, as frequently a very trifling line or angle would pre- 
vent many difficulties. 
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Problem 26. 

To survey a small estate, Plate 19. 

The great irregularity in the boundary of this estate shows 
that the survey by the chain only increases the labour, though 
that would not be so in every case; much depends on the 
fences within the boundary. 

The base line (l^ is similar to that in the former example. 
Fig. 1, Plate 11, and has the same effect in fixing the position 
of the small field at the extent. 

The triangle formed by (T) and (^ is confirmed by the 
small tie line ; all the other Unes are fixed by the angles taken 
with the instrument, and are chiefly on the base line ; when 
plotted the remaining lines are all proof lines. 

Problem 27. 

To survey a road within the fences, Plate 20. 

This example is weU adapted for the Prismatic Compass, a 
full description of which is given in Part V. 

The centre of the instrument is fixed directly over the station 
point in the same manner as the theodolite ; the engraved card 
is divided into degrees and half degrees, and attached to the 
magnetic needle. It must be observed that the card reads 
reversed — ^that is, north for south. 

In taking an angle by this instrument, place the box con- 
taining the needle as level as possible, look through the prism 
to the forward object, and bring the thread in the slide to 
coincide with it and the flag in front ; when the card is per- 
fectly steady take the angle. 

In a survey of this kind, where extreme accuracy is not 
required, the prismatic compass, fi-om its portability and readi- 
ness in fixing, makes it preferable to any other instrument. 

To plot this, draw a meridian line through every station, as 
at A B, &c. ; lay the straight edge of the protractor along the line 
with 360*' at the top and the centre at the station, then prick 
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off the number of degrees required ; repeat this at every 
station, then proceed to plot the ofi^ts. 

Problem 2%. 

To survey a river or brook, Plate 21. 

This example, when compared with the former (Plate 14), 
shows that the survey by the chain only is in this instance the 
best, provided the ground is free from obstructions, such as 
wood ; the lines would be chained in much less time than that 
occupied in taking the angles, as also in plotting. 

The land adjoining the stream may be supposed to be nearly 
level, therefore well adapted for the box-sextant ; the angles 
taken by it are the bearing of two lines. 

The first and second lines may be plotted by the tie lines, 
and proved by the measure of the angles; Imes @ and ® 
must be plotted from the measured angles; short tie lines 
should at all times be taken, however trifling the check ; it is 
sufficient for such a small survey. 

The smaller triangles to fill up the survey may be sketched, 
as shown by the field-book. 

Problem 29. 

On surveying an estate or parish, Plate 22. 

Referring to the previous remarks on extensive surveys, the 
first main object is to select the best position for two lines in- 
tersecting each other near the middle of the survey, and by 
other connecting lines to form a diagram, so that the system 
depended entirely on correct chaining the lines that constantly 
intersect each other, forming a series of triangles. 

The system of surveying with the theodolite diflcrs from the 
former system, in not commencing the survey with the tvN^o 
base lines before pointed out. 

In this system, the accuracy of the survey depends on the 
truth and adjustment of the theodolite in the first instance; 
second, in the care and attention in reading the angles and 
entering them in the field-book correctly. 
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When angles are taken from the magnetic meridian, the 
greatest attention must be given in watching the needle, to 
notice that it is properly sensitive and has no metallic attrac- 
tion near while taking an angle, such as the chain and arrows, 
or knives in the pocket, &c. ; if this is not particularly attended 
to the angles will always be imcertain. 

In large towns the attractions are niunerous, such as gas- 
pipes, railings^ &c 

When angles are taken by the bearing of two lines, then the 
needle is not required, excepting once, in taking the north 
p(»nt to fix on the plan* 

The fidd-book is kept precisely in the manner before de- 
scribed, and when an angle is taken it is entered on the margin ; 
but when two or more lines begin at the same station, or end 
at that station, before moving the instrument take all the 
angles^ and make a small diagram on the margin of the book 
similar to those on the plan, numbering each line and the 
angle against it 

It is not requisite an angle should be taken at every station ; 
such practice not only consumes much time, but creates con- 
fusion and difficulty in plotting. 

As in the former example, when there is no natural object 
to direct the chaining, the line must be poled out, the o£^ts 
and all other minutisB entered in the book as before. The angles 
that are chiefly required are those connecting the boundary 
lines and roads^ as shown by the plan ; the smaller lines seldom 
require an angle. 

Conmiencing with line (P), the steeple in the distance is a 
good fore object for the chaining. Plant the instrument directiy 
over the station at (T)^ and put it in adjustment (see Theodo- 
lite, Part V.) ; bring toe zero of the vernier and 360*' to the Oppo- 
site side of the eye-glass, and clamp the upper part ; then bring 
the needle to 360® in the box, and clamp the lower part, re- 
lieving the upper ; moving the telescope very steadily, observe 
the first chain line directed to the steeple, reading 30 degrees. 

I 
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Looking to the right hand along the fence an object is there 
fixed for a station, turn the telescope to it, the angle reads 
130° 30' ; and, in order to have a check on all the angles at dif- 
ferent parts of the survey, to prove both the chaining and the 
angles, take extra angles frequently from different stations to 
one particular object, either natural or one fixed purposely. 
In this instance a tree is the object, therefore an angle is taken 
at station (T) 38° 30', and at the end of line (T) another angle 
is taken 70° 30'. Now the intersection of these two lines will 
fix that object on the plan, consequently when an angle is 
taken at station (3^ or at station (26), or any other part of the 
survey, whatever the angle may be when it is plotted, the lines 
when drawn should intersect at the point or tree. Another 
way of proving the work in succession is, having the angles 
taken at each end of the line, the sum of those two gives the 
third, so that when those angles are plotted, measure the other 
angle by the protractor ; it must read the correct angle if the 
previous work is correct (See Problem 22.) 

This process may be practised at different parts of the sur- 
vey, and where there is no object put up a flag, and proceed 
as before. 

Returning to ^2), take the angles by the brook and road ; also 
to the tree ; continue in the same manner round a certain por- 
tion of the survey, taking the roads as a boundary as far as the 
case will admit, until finishing at the same point at which the 
survey commenced, as from (V) to Ql), leaving pegs or marks 
on aU the lines as stations for the interior fences. 

Referring to the plan, observe that when lines from (T) to 
(u) and (12) to (l3) are plotted, the only line that requires an 
angle measured by the instrument is (20) ; such lines may be 
taken with the box-sextant, after which every other line in 
that division is a proof line, and requires only the application of 
the scale. 

The remaining portion of the survey is closed in the same 
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xnonner, and the numerous angles required on this side are 
I>roperly cheeked by angles to the tree or other object in the 



This system of surveying may fairly be termed a combina- 
tion of the twOy which cannot fail in producing an accurate 
lurvey. 

One thing is to be observed, that when an error occurs either 
in taking an angle or in chaining, it is more readily discovered 
when the angles are taken from the meridian line than when 
taken by the other method. 

In plotting, describe two or three circles by the outer edge 
of the protractor on different parts of the plan adjacent to the 
work, as shown by plan, and draw several meridian lines ; it is 
then easier to draw the chain lines; and mark off as many 
stations on the circles as are in that locality, noting the angle 
and station. 

Before attempting to plot the fences, let all the chain lines be 
first plotted, the number, length, and angle put against them ; 
it will save much time, instead of having to refer frequently to 
the field-book. 

The larger a protractor is, the better ; the angles are more 
minutely pricked off. The wheel protractor is the most perfect 
instrument, having two verniers, and may read to seconds if 
required ; but, unless strict attention be paid to the adjustment, 
by keeping the points truly in a line with the centre, the com- 
mon protractor is far better. Incorrect plotting is just as bad 
as incorrect survejdng. 

For practice, plot this survey on a larger scale — ^the angles 
and chain lines only ; then, to prove the survey, calculate by 
the figure A B C D E F all the triangles. Angles should also be 
taken from one station to another across the survey without 
chaining, as from C to D and from E to F, and, by joining all 
these lines, the whole survey is reduced to a figure of six sides. 

Note. — ^Tlic detailed portion of tliis survey is filled up as sbown by I lie Geld 
book, Plate 15. 

I2 
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Problem 30. 

To survey the boundary and roads of an estate, Plate 23. 

In this example is shown a portion of the field-book, apply- 
ing to this and the last plan. 

This survey is intended to show only the boundaries and the 
roads, coinciding exactly with the observations made in the last 
example, proving at once how easily the whole estate may be 
filled up without further use of the instrument. 

Distant objects should alwajTS be preferred in fixing the lines 
for chaining, particularly when using the theodolite, as angles 
may be taken from various parts of the survey to the same ob- 
ject, and be an excellent check to the whole of the survey. 

Plot this survey to the same scale as the last for practice . 
compute the details of the former and the gross quantities of 
this, and compare the total quantities, which should agree 
within a few poles. 
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Problem 31. 

Latching or dialling a pit, Plate 24. 

Latching or dialling is a term used by miners, when the 
survey of a mine is required of the course that has been exca- 
vated from one shaft of the mine to another. 

This underground survey is then transferred to the estate 
plan by means of the shafts, which are accurately shown on the 
surface ; otherwise it is working like a mole in the dark, and 
the course might run into another property. 

Referring to the plan (which is an actual survey), it will be 
seen the lengths are taken by the chain or tape in links, and 
the angles taken by the needle, or magnetic meridian, with a 
circumferentor called by the miners a dial. 

The legs of this instrument are made with a screw-joint in 
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the middle, and has a set of extra points to screw on when the 
mine is low, sometimes not more than a yard high. 

The survey commences from the shaft No. 16 to No. 17. The 
chain Knes and angles are all plotted from that pointy in the 
same manner as described in Plate 20. 

The circle shows the protractor with the meridian line 
through the centre, and all the angles marked thereon for 
plotting. 

The field-book (if it may be so termed) is on the margin, 
containing only the numbers, lengths, and angles. 

Great nicety is required in taking the angles and the lengths ; 
the last point finishes at the centre of the shaft No. 17. 
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Problem 32. 

Plate 25. The plan here represented is part of the town of 
Cheltenham, surveyed and published by the author. 

In surveying parishes, it frequently occurs that large towns 
form a considerable portion ; the streets are generally very irre- 
gular, preventing the possibility of continuing the course of tri- 
angulation. 

When an opportunity presents itself to run a base line 
through the town from one side to the other, connecting itself 
wth the general survey, it should be embraced, and fix on it 
stations for every street branching from it. Such a line as this 
will be a basis for the angles required to be taken by the theo- 
dolite. It is not required to take angles for every street, 
because, where two or more angles are taken on the same base, 
their position is fixed, and the lines running through the ends 
of them become fixed also, and many of them will close into 
the lines of the general survey outside the town. 

As before described, there are two methods of taking angles 
by the theodolite : one, the angle measured from the magnetic 
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meridian ;, the other, the angle measured between two lines. 
There is a very great objection to the first, the uncertwnty of 
the angle being correct because of the numerous attractions to 
the needle from iron railings, gas, water, and rain pipes, lamp- 
posts, &c., therefore the latter is more certain. 

The four-pole chain is generally used, but when the survey is 
plotted to a large scale, and great accuracy required, the 100- 
foot chain should be used ; the offsets would then be taken with 
the tape in feet and inches, instead of links. 

When flag poles cannot be fixed, take any object at a dis- 
tance, as a lamp-post, comer of a building, &c. 

Many station points are firequently referred to, either for 
taking angles or for starting fresh lines, and require to be 
found very accurately. 

Therefore measure from each angle of the buildings nearest 
to it in feet and inches, as shown at C and B, Fig. 2 ; their in- 
tersections will give the true point. 

The angles of buildings also require to be very minutely 
fixed ; measuring an offset at right angles from the chain is not 
sufficiently accurate, therefore with the tape measure two dis- 
tances from the chain, intersecting each other at the point 
required, as at 25 feet on the chain it is 37 feet to a, and at 
50 feet on the chain it is 38 feet 3 inches to a, forming a small 
triangle; the same is done on the other side to 6; the next 
angle is at c, and on the opposite side at d ; the fronts of the 
buildings are straight from b to c, and from a to df ; and so pro- 
ceed on throughout, taking offsets in this manner only at the 
angles and for the stations. The subdivisions between each 
angle or comer of streets, <fec., are all measured afterwards ; the 
chief thing at first is to get all the lines and angles measured 
and plotted. 

The line A H is directed to a lamp-post, or it might be ex- 
tended to a line on the general survey, as at H ; a station is 
left at C for lines D and E, to take up the opposite streets ; 
also another station at B, for the two roads G and F. This line 
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^11 be sufficient to show the method of keeping the book, and 
the system to be adopted throughout in taking the dimensions. 

When there are a sufficient number of lines measured, pro- 
ceed then to take the angles. It will be found in course of the 
survey that angles will not be required to every line or street, 
for when one or two of the principal lines are plotted, many 
others will fall into the work as proof lines ; for example. Fig. 1. 

Much information will be gained by a careful study of the 
plan. The dotted lines represent the chain lines; the north 
part called the block plan, marked A, having only the fronts of 
the buildings or streets ; the south part, marked B, represents 
the plan when finished with all its details. 

On the line a 6, there arc ten stations determined on in the 
first line. Commencing again at c, take the angle acd^ on 
which there are two stations, g h ; commence again at e, take 
the angle aef. Now, it is evident, if the two former angles 
and the lengths are measured correctly, that the line gf^yi\l be 
a proof line, and also the line ihk; the station at k will be a 
fixed point. 

We how conmience at / and proceed to Z, at which point it 
will be necessary to take the angle m If^ and that angle will 
prove the length oi cd and n h 

Now measure by the chain the line I t/i, passing through d n, 
that being the end of the second line ; therefore the distance 
/ to d must prove itself, as that point was before determined by 
the angle taken at c. 

At n, on the line / m, leave a station, then will / m be a fixed 
line for a combination of the survey on the north part. 

Now measure the line from n to ^, on which leave stations at 
and p ; the lines n k and o g will be both proof lines. 

So that in the great portion of this part of the survey three 
angles only are required, and every measured line afterwards 
proves itself. 

The same principle is adopted on the south side, taking the 
longest and straightest streets to form a basis, and those lines 
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that are nearest to a right angle, as 9 to r, upon which nume- 
rous stations will be fixed. 

Observe always to keep the work together as much as pos- 
sible, so that it may be closed in, as shown by the lines e to ^ 
and stot 

When the whole of the survey is completed, and the block 
plan plotted, proceed then with the details. 

Prepare a book about the size of letter paper ; copy off each 
block separately on an enlarged scale. With the tape, first 
measure the fronts of each house, passage, Ac, separately, as 
thus (see Field-book) : 24.3, 5.6, 20.0, and 29.3 ; add all these 
together, which should be equal to the measure of the whole 
length firom 6 to c. 

Then proceed with the depths of the houses and the back 
premises, taking diagonals from one angle to the other. A 
sketch of the premises having been previously made. 

In many instances there are passages at the back, as at uv, 
which afford considerable assistance in measuring the details, 
particularly when straight, as at u ; when they are crooked as 
at Vy the prismatic compass will be foimd useful, as the angles 
must be taken by the needle. 

In all cases take the supplement as well as the angle. (See 
Field-book.) 

RAILROAD SURVEYING. 

Problem 33. 

Plate 26. To survey for a railroad. 

When a survey has to be made for a railroad, it takes a long 
iiregular.tract of country from one important town to another, 
generally from 10 to 20 chains in width, in some cases more. 

The course the intended line is proposed to be made is 
marked out by the engineer on the Ordnance or county maps. 

The first and most important part in surveying for a line of 
railway is to determine and accurately pole out the base lines, 
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nrhich should be as near as possible to the line described on the 
Ordnance map. 

In chaining a base line the greatest attention and accuracy is 
required, as the only check to its length is when the levels are 
taken. Many bills in Parliament have been lost entirely through 
the inaccuracy of the plans and sections, involving not only 
the loss of a year, but the enormous amoimt of money required 
for the Parliamentary preparations. 

Unfortunately these survejTS are often got up in haste, and 
frequently imder great opposition, all contributing to the many 
difficulties the surveyor has to contend against. 

When a long line of coimtry has to be surveyed a portion 
is allotted to each surveyor, as shown by the plans ; each por- 
tion has to be connected at each end, requiring the greatest 
accura<^ in fixing the base lines. 

The most perfect method of connecting these lines, is by 
continuing them into each other's work, and fixing them by 
intersecting triangles. 

Base lines that are connected by an angle taken with the 
theodolite are very ambiguous, from many causes ; for instance, 
where the country is hilly there may be only a short distance 
from the instrument to the flag, and the line probably of con- 
siderable length, depending wholly on the angle taken by a six- 
inch radius ; a very trifling error in reading the angle would 
throw that Une greatly out of its real position. By the former 
method, if the lines are accurately poled out, the intersecting lines 
not only prove the correct position of each base, but they also 
serve to take up the details, and a great saving of time. Some- 
times a base has been hung on by a fence only ; such practice 
is highly censurable. 

In a long line of railway it is impossible always to keep in 
the valley ; a portion of the line will be rough and hilly ; in 
such cases the theodolite is indispensable. 

At the end of each base line the surveyor for that portion 
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should leave a distinguishing mark by cutting a triangular hole, 
and one or two other marks on his line, to enable the next sur- 
veyor to continue that line into his work, and adopting such tie 
lines to the two bases as in his judgment will be most desirable. 

Again, supposing the surveyor of the middle portion shoidd 
begin his base line before the first base line is finished ; in that 
case leave a distinguishing mark at the beginning of his base, 
and other marks, as before, to point out the direction, as well 
as marks on the last fence line ; then the surveyor of the first 
portion will pole back the second base and tie lines into his 
work, or such other lines as the case may require. 

If every surveyor adopted this simple method, base lines 
could never be plotted wrong. 

Problem 34. 

Plate 26, Fig. 1, represents the portion of a line, the ending 
and beginning of two other portions. 

Commence by poling out the base line firom B to j9 ; at B is 
a distinguishing mark denoting the end of the first base, and at 
E another mark showing the direction of the line ; from B 
continue that line to B\ where it intersects the second base 
line ; at D B^ measure back from B* to E, and the tie line 
ED. 

The second base may be said to commence at D, and ends at 
p ; in chaining the line set up all the requisite stations or 
flags for the details ; the line D F takes up the fence to the 
left, leaving flags for the cross fence from F to H, intersecting 
the base line at G, forming a large triangle and proof to the 
tie line E D ; all the other fence lines within that triangle are 
proof lines as A C. 

We now pass on from I to K, taking up the fence; and 
from K to 0, intersecting the base line at S ; the intermediate 
fence line proves the triangle IKS; from proceed to L on 
the base line, which is a proof to I K besides the line T P Q ; 
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finish the line L to M ; from M a short tic line, M Q, deter- 
mines the position of the third base, which is proved by the 
line N R ^. 

Where fence lines are not determinatcly fixed, as c 6, and 
without a box-sextant, take a short tie line with the chain, as 
at ab. 

By adopting this system, the base lines cannot fail being cor- 
rect, and every fence Une becomes a proof, excepting in a very 
fewinstancea 

Problem 35. 

Fig. 2, Plate 26. To survey the same ground with the theo- 
dolite. 

In this example the same base and fence lines are adopted as 
in the last example. 

It is of no importance whether the angles are taken before or 
after the chaining. 

When base lines are obtuse, it is therefore better to pole 
the line back and fix a flag, as at a, and measure the acute 
angle A B a. 

Beside the angles taken at B and C, there would require at 
least six other angles for the fence lines, as at cdefg^ after 
which all other fence lines will prove themselves. 

Now by comparing the two plans it will be seen that there is 
but very little more chaining in the first example than in the 
second. 

Considering the time in taking angles by the theodolite, the 
care required to preserve the instrument from accident, it will 
be foimd that the first example is preferable to the second in 
the saving of time ; the angles taken by the chain are more 
to be relied on, supposing the country tolerably fair for chain- 
ing. 

Where a ravine occurs, adopt any of the examples shown, 
Plate 14. 



< 
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MAPPING. 

Mapping is the art of delineating the surface of the ground, 
and embellishing it to represent the natural appearances by 
colours, making the whole descriptive. 

To excel in this art as a perfect draughtsman, a knowledge of 
landscape drawing will assist greatly in colouring the various 
parts to give it a natural effect. 

The different styles of printing should be well studied. Great 
neatness is also required in drawing with the compasses, scale 
border, &c. Sometimes an abstract reference of the quantities 
is introduced, representing a scroll of paper and a vignette of 
some particular object on the estate. 

Plans drawn on vellum or parchment are more difficult in 
executing, and never to be depended upon for accuracy after, 
both being effected by atmospheric influence more seriously 
than paper. 

For practical purposes, surveys should never be plotted to a 
less scale than three or four chains to the inch ; for convenience 
they may be reduced to any scale, by the following different 
methods : 

The most perfect instruments for reducing plans are the 
eidograph and pentagraph. The proportional compass is a 
most valuable instrument, particularly for enlarging or reducing 
buildings, &c. (See Instruments, Part V.) 

The system of reducing by squares or triangles, laid down to 
their respective scales, although tedious, is very accurate. 

Enlargement of plans should never be done by the penta- 
graph ; either re-plot from the field-book, or by triangles and 
squares. 

In cop3dng plans there are various methods ; the two follow- 
ing are the best: The paper being confined to the drawing 
board, lay the original plan over it ; then with a fine needle 
prick through all the lines and buildings; draw pencil lines 
through all these points and ink them in. 
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The next method is, to lay a piece of tracing paper over the 
plan and careAilly copy all the lines, &c. ; then place this 
tracing copy smoothly on the paper prepared for the new plaa ; 
imdemeath the tracing place a sheet of very thin tissue paper 
prepared either black or red, and with a very fine-pointed ivory 
tracer go over all the lines, and prick oflf all the buildings with 
a fine needle; the impression of coloured paper will be left. 
This is the most expeditious moda 

Another method is sometimes i^ed, applicable only to smaU 
drawings. Provide a large sheet of plate-glass (which should 
be moimted in a frame), upon which the original plan and the 
paper is fixed in such a position to receive the strongest light ; 
the lines are then visible through the paper, and traced off with 
a hard pencil 

A north light is best for an office, in which should be firmly 
fixed up a strong drawing board ; provide also several other 
drawing boards made to the different sizes of drawing paper ; 
also several T squares, and angle or set squares, straight edges, 
centrolineads for perspective, &c. 

The beam-compass is a most necessary instrument in plotting 
large surveys. The most approved is the French invention. 
The sliding boxes are packed in a small case ; the beam may be 
made by any carpenter — simply a straight piece of wood made 
to fit the boxes, and of the length required. They are far 
more convenient than those that are divided with verniers and 
tangent screws. 

A box of curves or arcs of circles is useful, not only for 
drawing curves of railways, but for architectural drawings of 
arches and other purposes. They are made of hard wood, from 
half an inch to any radius, which is always marked on them ; 
therefore, whatever the radius is on the ground according to 
the scale of the plan, so is the number of the curve, as thus : 

Multiply the number of chains radius to the curve by the 
number of chains to the inch the plan is drawn. 

Suppose the plan to be 3 chains to the inch, and the curve 
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20 inches, then 20 x 3 » 60 chains, or -f of a mile. Again, if 
the curve is 40 inches, and the plan 4 chains to the inch, then 
40 X 4 s= 160 chains, or 2 miles radius ; and so on. 

In highly finished plans, the hiUs are shaded or stippled with 
light Indian ink, or short curved lines, repeated so as to vary 
the depth of shade. 

In like manner the ploughed lands are represented by draw- 
mg narrow parallel lines representing the furrows. To repre- 
sent gravel, mix light Indian ink, with a toothbrush by the 
finger slightly touch the hairs, and spirt it over the part re* 
quired, having first cut out a piece of paper the form of the 
piece, to protect other parts of the drawing from bemg 
injured. 

MERIDIAN LINE. 

The magnetic meridian does not show the true north, which 
is always moving so many degrees east or west, called the 
variation (at present it is about 23® 15' west). 

When a compass is drawn on a finished plan, the true north 
is generally drawn from the meridian line. 

There are several methods of finding the variation by astro- 
nomical problems, seldom resorted to or required by surveyors 
in their ordinary course of business. 

The most simple and ready method (see Fig. 4, Plate 35) is, 
by drawing on a perfect smooth and level plane, open to the 
morning and afternoon sun, three or four concentric circles ; in 
the centre of the circles fix a straight piece of wire truly per- 
pendicular, of such height that its whole shadow may fall upon 
all the circles at equal hours before and after twelve o'clock. 

From about eight o'clock in the morning until four o'clock 
in the afternoon, about which hour the extremity of the pin's 
shadow will fall without the circles, particularly note the time 
in the forenoon when the extremity of the shortening shadow's 
point touches the several circles, and then make marks. 
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III the afternoon of the same day, and the same distance of 
-fcime firom twelve o'clock, watch the lengthening shadows as 
l)efore, making marks on the circles where the shadow falls. 

Lastly, find the middle point exactly between two marks on 
"the same circle, and draw a line from the centre through that 
;pomt, which will be the true meridian line or north point. 

Remove the pin, and fix a short-pointed pin in its place, on 

which place the magnetic needle ; when it is at rest, mark the 

point it cuts on one of the circles at the north end ; from that 

point draw another line through the centre, measure that angle 

accurately, which will be the number of degrees' variation. 

To measure the angle, see Problem 14. 

DIVISION OF LAND. 

The division of land is applied to many cases ; as the general 
indosure of a parish in which there are sundry claimants, each 
receiving land in proportion to their claims, the quantity being 
guided by the value per acre.* 

In some cases an exchange of land is made between two 
adjoining proprietors for the mutual improvement to their 
estates, taking value for value, or quantity for quantity. 

In either case it requires a correct system to arrive at a true 
balance, therefore a division has to be made according to cir- 
cumstances, to accomplish which the following examples are 
given. 

In small plots of level ground having straight fences, whether 
rectangular or triangular, there is no difficulty in laying out a 
division without a plan, as the dimensions required for the 
calculation can be made at the same time the division is made. 

In all other cases an accurate plan, and quantity of the land 

* Whaterer tbo value is per acre, in calculating it must be reduced to shillings and 
decimals, to obtain an accurate result, in the same manner as the quantities arc entered. 
The value per acre is usually marked in private characters, such as letters of any par- 
ticular town or object, containing the exact number of letters in lieu of figures, as 
" Altringham," "Mayflower," Ac. 
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to be divided, must be made before any calculation can be made, 
or the allotments staked out 

To facilitate the calculations required in the divisions, see 
Tables, Nos. 11 and 13. 

Problem 36, 
Fig. 1, Plate 27. 

Example 1. It is required to cut off 1 acre 3 roods firom a 
parallelogram containing 3 acres, parallel to the side A B, equal 
to 600 links. See Table 13. 

Rvle. Divide the square links in the quantity to be cut off, by 
the number of links in the side ; the product will be the length 
of the other side ; thus : 

1.76000 -^ 600 = 393 links 

i\^o^.— Explanation to Table 13. The first colamn shows the number of acres, 
the second column the number of square links contained in the required number 
of acres ; the roods and perches the same; each part is taken out separately and 
added together. 

Problem 37. 
Fig. 2, Plate 27. 

Example 2. It is required to cut off 2 acres from a rectan- 
gular piece of ground, containing 3 acres 2 roods 16 perches, 
from a fixed point at a. 

Pule. Draw an assumed line, bs ab; then find the quantity 
of aft CD equal to 2.550; that being an excess of .55000 
square links, therefore divide that sum by half the length of 
a 6, equal to 620 links ; the product will be 88 links (nearly), 
provided it was to be set out parallel ; the figure of the excess, 
a 6 c, being a triangle, the perpendicular c d will then be 176 
links ; then will a c C D be the quantity required. 

Problem 38. 
Fig. 3, Plate 27. 

Example 3. To divide a piece of building land of a rectan- 
gular figure, containing 6 acres 3 roods, between ABC, being 
of equal value per acre ; the proportionate share of A equal to 
7 parts, B *= 5 parts, and C = 3 parts. 
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Ruk. As lihe sum total of the proportionate shares is to the 
whole quantity of the estate to be divided, so is each propor- 
tionate share to its respective claim ; thus : 

7 + 6 + 3 = 15:: 6.750 : 7 = 3.150 = A's share 
7 + 5 + 3 = 15 :: 6.750: 6 = 8.250 = B'8 „ 
7 + 5 + 3 = 15 :: 6.750 : 3 = 1.350 = C's „ 

Total . . 6.750 

Problem 39. 

Example 4. The same estate is to be divided between ABC, 
the value of the whole being 750Z. ; A is to be allotted land 
equal in value to 350Z., B equal to 250/., and C equal to 150/. ; 
thus: 

iB Aom. i6 Acfw. 

750 : 6.750 :: 350 : 3.150 = A's share 
750 : 6.750 :: S50 : 2.250 = B's „ 
750 : 6.750 :: 150 : 1.350 = Cs „ 

Total . . 6.750 

Problem 40. 

To set out the above quantities on the ground. 
Rule. Divide each separate quantity by the length of the side 
D E equal to 675 links ; thus : 

QwDtlty. Llnka. Linki. Feet. 

3.150 + 075 = 467 or 308.220 
2.250 + 675 = 333 or 219.780 
1.350 +- 675 = 200 or 132.000 

10 chains = 10.00 or 660 ' 

And so on in like manner for any number of shares. 

Problem 41. 

Fig. 4, Plate 27. 

Example 5. To divide a triangular piece of ground into a 
given number of parts by right lines drawn from an angle to 
its opposite side. 

Rule. Divide the base of the triangle into the required 
number of parts, then draw a line from the vertex to the 
division point ; it will be tlie proportion required. 

R 



I 
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A triangular piece of ground, containing 26 acres 2 roods, is 
to be divided into three parts, bearing the proportion to the 
numbers 4, 2, 1, equal to 7 ; the length A B equal to 28 chains. 

By construction : 

Divide the base A B, equal 28 chains, into 7 equal parts ; 
from the angle C draw a line to the fourth division as C a, and 
from C to the sixth division as C (, dividing the triangle as 
required. 

Arithmetically : 

Rule. As the sum of the ratios is to the length of the base 
A B, so is each respective part to the length required. As : 

7 : 88 :: 4 3= 16 cbaina = A a 
7 : 28 :: 3 = 8 „ =ab 
7:28::1= 4 „ =dB 

To find the quantity contained in each. As : 

Ratlot. AerM. Aorai. 

7 : 26.500 :: 4 : 15.14286 = A G a 
7: 26.500:: 2: 7.B7Ud-aC6 
7: 26.600 ::1: 3.78571 = * OB 



26.50000 or 26a. 2r. 

Problem 42. 

Fig. 5, Plate 27. 

Example 6. The triangular field A B C is to be divided be- 
tween two persons in the proportion of 2 to 5, having an equal 
right to the pond, or an occupation road to that point. 

Geometrically : 

Rtde. Divide the side of the triangle A B into 7 equal parts ; 
from C draw the line C E ; parallel to which from a, the fifth 
point, draw the line a D ; then draw the line D E, the division 
fence required. 

Froblem 43. 

To lay this out on the ground : 

From the plan, scale the length from C to D equal to 300 
links, and from D to B 812 links ; if correct, fix a stake at the 
point D. 
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Problem 44. 

Fig. 6, Plate 27. 

Example 7. The triangular field A B C is to be divided into 
three equal parts, reserving to each the right of water at the 
pond, or as an entrance fipom the occupation road. 

Rule. Divide the line A B into three equal parts, as A a, a 6, 
h B ; draw the line C D ; then from a, draw the line a c parallel 
to C D ; and from 6, draw the line b d parallel to C D ; draw 
the lines c D and d D, which will be the division fences required. 

To lay out the same on the ground, measure the lengths 
from the plan as before, and drive stakes at the points c and d. 

Problem 45. 
Fig. 7, Plate 27. 

Example 8. To divide a triangular field ABC, containing 
4a. 1b. 8p., or 4.300, into three equal parts, parallel to the side 
B C, the length of each side being 10 chains. 

Rude. Divide the side A B into three equal parts as a 5 ; then 
find the mean proportion between A B and A a ; by multiply- 
ing the two together, the square root of their product will be 
the mean proportion required, as Ac; then draw a line from c 
parallel to B C, and B c C c? wiU be equal to i of the triangle. 

Thus: AB=1000 X Aa = 666' = \/666000 = 816 = Aethemean 

In the same manner divide the remaining part, A c, into two 
equal parts as at ( ; find the mean proportion between A c and 
A 6 as before ; mark off the length from A to « ; draw the line 
from e parallel to B c, then cdef wiU be the second part, and 
the triangle A ef will be the third part. 

Thus: Ar = 816 X A^ = 408 :=\/832928s=: 576 = Afiho mean 

Problem 46. 
Another method : 

Example 9. Rvle. Find the content of the whole triangle and 

subtract from it the quantity to be cut off. As similar triangles 

are in proportion to the squares of their like sides, the triangle 

k2 
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Acd will be to the triangle A B C, as the square of A c is to 
square of A B. 

Then, as the whole quantity is to the square of the side A B, 
so is the remaining quantity to the square of A c ; extract the 
square root, and the product will give the division required. 

Isi, lO.OO* X 1.433 = 143.300 — 4.300 = 33.325 
And \/ 33.326 = B77 = A e 

2nd. 10.00> X 2.866 = 286.66000 -h 4.300 = 666514 
And \/ 666614 = 816 = A c 

Note. — ^Tlie same method must be repeated for any number of parts the triangle 
is required to be divided. 

Problem 47. 
Fig. 8, Plate 27. 

Example 10. It is required to cut off a portion of land equal 

to two acres, in the direction shown by the dotted line A B. 

JVofo. — ^When a piece of land has to be cut off, and the boundary very crooked, 
and no fixed point to measure from, to fix the stakes of the true line of diyision, 
that portion must be accurately measured, and a chain line fixed as near to the 
division as can be guessed, as at A B. and at each end put in temporary stakes. 
The survey must then be plotted, and scaled to this assumed line, from which the 
correct line CD can be calculated, returning then to the field to make the 
amendment. 

When calculated, it was found to be minus 1 rood 3 poles, or .268 decimals ; 
therefore divide the decimals .26800 by the length of A 13 equal to 660 links, the 
quotient will be 40 links nearly. 

Then set off 40 links at eada end of the line AB, which will be the exact divi- 
sion required. 

Problem 48. 
Fig. 9, Plate 27. 

Example 11. It is required to cut off a portion of a field from 

a given point, A, to its opposite side, equal to 1 acre 1 rood. 

NoU. — Let this also be surveyed and the quantity calculated, as in the last 
example. 

From the plan draw an assumed line as A B equal to 640 links ; find the con- 
tents of the piece to the line A£ equal to 1.887, or Ll. 3b. 22f., being minus 
the quantity required by .362 decimals, or Oa. Ib. 18f. 

Thendinde.Sr 



6200 by 640, the length of A fi, the quotient will be 56 links, the 




squired. 

To set this out on the ground : 

From the plan, scale the distance 6 a equal to 130 links, and 
at the point a put in a stake. Scale, 4 chains to^ the inch. 
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Problem 49, 
Fig. 10, Plate 27. 

Example 12. A fidd contaiiuiig 3a. Or. 6p. is to be divided 
into four equal portions, in such manner that access to the 
pond of water be given to each. By the Table, No. 13, 3 acres 
6 poles = 3.03525 square links. 

Thus : 3.03625 ^ 4 s= .76881 = to each share 

No. 1. Set off the line A F as a fence ; draw 6 F an assumed 
line ; calculate the quantity A B F = .59040, which is less than 
the quantity required by .16841 ; divide this quantity by the 
length of B F = 380 equal to 44 Unks, being half the perpendi- 
cular ; therefore set off 88 links, which will complete the first 
trapezium A B a F. 

No. 2. Draw the guess line C F, and calculate the quantity 
of a C F equal to .49099, less than the quantity required by 
.26782 ; divide this by the length C F equal to 378 = 71, the 
half; set off the perpendicular, 142 links, which completes the 
trapezium a C 6 F. 

No. 3. Draw the guess line E F ; calculate the quantity 
A E F equal to .56121 less than the quantity required by 
.19760 ; which divide by E F = 350 links ; the quotient 56 the 
half, or 112 the perpendicular to o, which completes the trape- 
zium A E C F. 

Np. 4. The remaining trapezium is to be cast up according 
to the previous examples, and is found to be .75881, the 
quantity required. 

Problem 50. 

Example 13. To divide a common field amongst sundry 
claimants according to the value per acre of the various parts 
of the common, and in proportion to the sum of each pro- 
prietor's share. 

Rude. Divide the yearly value of each person's estate by the 
value per acre ; then, as the sum of all the quotients is to the 
quantity of the whole common, so is each particular quotient to 
the quantity of each particular share. 
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It is required to divide a common containing 500 acres 
amongst ABODE, whose respective claims per annum are as 
follows : 



A's daim, 105 at 4 per acre 
B's „ 250 at 5 
Cs „ 480 at 6 
jys „ 750 at 7 
£'8 .. 880 at 8 






M 



f* 



M 



A 
B 

c 

D 
E 



£ ih. dea 

105-^4= 26.25 
250 -=-5= 50.00 
480 — 6= 80.00 
750 ~ 7 = 107.143 
880 -T- 8 = 110.00 



Sam of the qnotients . 373.393 



Then, for A 
B. 

D. 
£ 



iK dec 

373.393 : 500 
373.393 : 500 
373.393 : 500 
373.393 : 500 
373.393 : 500 



ah. dec 
26.25 
50.00 
80.00 
107.143 
110.00 



a. dec 

35.150 

66.934 

107.130 

143.465 

147.291 



8am of the whole common . 499.990 or 500 

Another method : 

Divide the yearly value of each person's estate by the value 
per acre, and find a factor, or common multiplier, by dividing 
the sum of the whole common by the sum of the quotient; 
then multiply each particular quotient by the common factor, 
will give the quantity to each share. 

500 



Thus: 



= 1.339 the factor 



373.393 

£ ah. dL dee. ft. dec 

Then A 105 -r- 4 = 26.25 x 1.339 = 35.150 A's share 

B 250 -=- 5 = 50.00 x 1.339 = 66.934 B's 

C 480 ~ 6 = 80.00 X 1.839 = 107.130 C'b 

D 750 -T- 7 = 107.143 x 1.339 = 143.465 D's 

E 880 ~ 8 = 110.393 x 1.339 = 147.291 E's 



99 
9$ 
l> 



Sum of the quotients 373.393 



499.990 sum of the whole 



Problem 51. 

In dividing or allotting an extensive parish or common, the 
land will have various qualities or value, consequentiy it is im- 
possible in all cases to put out allotments of one value; it 
becomes necessary on the part of the surveyor to calculate the 
quantities of each value ; a line is therefore drawn on the plan 
to distinguish the changes. 

An allotment will, in some cases, be made up in value by 
land of different qualities; the following system is then 
adopted : 

Bule. Every portion of the common must be surveyed, 
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plotted, and computed, according to the several annual values 
that are set on them ; they are then collected together to find 
the value of the whole common or parish. 

Ascertain the annual values of each estate having rights of 
common. 

Then, as the annual value of all the estates is to the annual 
value of the whole common, so is each respective estate to its 
annual share of such common. 

Or, as the price per acre of each portion of the common is to 
one acre, so is each annual share to the quantity due thereon. 

The quantity of each claimant being truly found, must be 
set out in such situations as may be considered beneficial to 
the property to which they belong. 

Problem 52. 

Fig. 11, Plate 27, represents the plan of a common contain- 
ing 69 acres 25 poles, to be allotted in proportion to the value 
of the five claimants' estates. 

The dotted Unes on the plan divides the common into the 
several portions of value, which are numbered respectively, 
with their quantities and value per acre, in private characters,* 
viz. : 













Qnantt^. 


Voliie 


Annual Talne. 




£ 








a. dec 


per acre. 


■h. deo. 


A's estate, 300 


per annum 




No. 1 


. 14.041 


. 28/ . 


393.148 


B'8 „ 


200 


>i 




2 


. 14.253 


. 29/ . 


413.337 


Cs „ 


280 


f» 




3 


. 9.996 


. 33/ . 


329.868 


D'8 .. 


125 


M 




4 


9.928 


. 32/ . 


317.696 


E'8 „ 


95 


f» 




5 


. 9.058 


. 32/ . 


289.856 










6 


. 10.390 


. 30/ . 


311.700 


Total 


1000 


rr 20000 ah. 




7 


. 1.491 


. 18/ . 


26.838 




69.157 


2082.443 






Totel 


Valtwof 


Annnftl 


Volneof 










Mtoto. 


oomxnon. 


▼aloe 4 


BMhshare. 










sh. 


■h. dec. 


of eaoh. 


■h. dec 










Aa 20000: 


2082.443 


:: 6000 : 


624.733 A 










20000: 


2082.443 


:: 4000 : 


416.489 B 










20000: 


2082.443 


:: 5600 : 


583.084 C 










20000: 


2082.443 


:: 2500 : 


260.305 D 










20000: 


2082.443 


:: 1900 : 


197.832 E 








20000 ! 


2082.443 





* When a pariah or common haa to be incloaed, commiasioners are appointed under 
the act, whoae duty it ia to value the land. Lettera of the alphabet to denote the value, to 
prevent confuaion with other numbera, and alao for aecreay, are uaed ; in thia inatauce 
the word may?lowxbs, oonsiating of ten different lettera, ia adopted. 
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A*8 share 



684.733 



No.1 
Pt. 6 
R. 6 



Qnuitttv. Yalm. 

14.041 =r 393.148 
7.899 = 818.785 
0.400= 18.800 



81.740 =: 684.738 



C's share 



■h. dae. 
583.084 



Pt. 8 
Pt. 4 
Pt. 3 
Ft. 7 



14.853 = 413.837 

4.581 = 146.593 

.330= 10.894 

.681= 18.860 



19.845 = 583.084 



ABSt&AOT. 



A 

B . 
G 

D . 
E 





B's share . 


dL dee. 
416.489 


Pt. 6 . 
Pt. 5 
Pt. 7 . 
Pt. 4 ' 


. ^*8!o91 '= 
. • 8.658 = 

. 0.810 = 
. . 0.998 = 


VahiB. 
98.915 
: 877.056 
14.580 
31.938 




18.657 = 


: 416.489 




IVs share . 


di. dee^ 
860.305 


Pt. 8 . 


. 7.888 = 


860.305 




E's share . 


■h dee. 
197.838 


Pt. 4 . 
Pt. 8 


. 4.349 = 
. . 1.778 = 


139.158 
58.674 




6.187 = 


197.838 


a. dee. 
81.740 = 

13.557 = 

19.845 = 

7.888 = 

6.187 = 


■Il dM. 

684.733 
416.489 
583.084 
860.305 
197.838 




69.157 = 


8088.443 





iVo/ltf.— The several quantities to make up the value of each share is entered on 
the plan, each of which must be accurately calculated and s<»led, toffether making 
the sum required. A guess line must then be drawn as near to the myision as can 
be, and adjusted in the manner shown by the first examples. 

The rate to be raised to defray the expenses amounting to 
150Z. 

EtdJe. First find the factor by reducing the amount into 
shillings ; divide that product by the number of acres in the 
whole common ; the quotient will be the factor ; then multiply 
each person's allotment by the factor. 

•h. dea 
3000 -T- 69.157 = 43.37 the factor 

a. dec ah. deo. sh. dea 
A = 81.740 X 43.37 = 948.864 
B = 13.657 X 43.37 = 587.967 
C = 19.845 X 43.37 = 860.778 
D= 7.888x43.37 = 341,903 
E= 6.187x43.37 = 865.730 



69.157 



8999.848 or 3000 



UriNO OUT LASD. 



rOBU OF COLLECTED HEFBBENCB FOB AFFOBTIONMENT. 

[Wame of Parish.'] 
AiPOKTionoOT of Beat Cbargea in lieu of Tithea. 




^TS! 



Com Raii 1 Cbtin* a 
Jliuhela, md ded 
of an ImperlM 1 
Whnt, Uvlis. »n< 



iD!lK«| 111 
tLUD' lie 



OftU. 



07,11378 



inMH) U004W n.lM th* 00 



iiXB — — MOO 

90 » • 

!«»•- - B > fl 

Total ^ WOO 

. 8u tha tana ai gireu bj tbo eommUilonon. 
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BrobUm 53. 

To lay out a square containing a given number of acres. 

Determine tlie side of tbe square that is to contiun the 
number of acres required. 

Rule. Reduce tbe acres, roods, and perches to square links, 
the square root of which will be the side of the square. 

To set out a square equal to 5 acres : 

^Z ttl 5.00000 = 7.071, the side of the square nearl; 

Problem 54. 

To lay out a parallelogram to a given quantity, having one 
side given. 

Rvk. Divide the given quantity in square links by the length 
of the side, the quotient wiU be the length of the other aide. 
This role applies also to a rectangle. 
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To set out a parallelogram whose side is 9 chains ; thus : 

5.00000 H- 900 = 556, the perpendicular nearly 

Problem 55. 

To lay out a parallelogram whose base shall be greater than 
the perpendicular in the proportion of 2, 3, 4, &c. 

liofe, — ^When the dimensions are required in feet, the giTen quantity must also 
be given in square feet. 

Rule. Divide the quantity given in square links by the 
number of times the base is greater than the perpendicular, 
and extract the square root of the quotient, which will be the 
length of the perpendicular ; multiply the product by the 
proportionate number of times the base is greater, will give the 
parallelogram required. 

To set out a parallelogram equal to 5 acres, whose base is 
3 times the perpendicular ; thus : 

y 5.00000 -=- 3 = 1.66666 
V 1.66666 = 408 links, the length of the perpendicular 
408 X 3 = 1224 links, the length of the base 

Problem 56. 

To lay out a given quantity in the form of a triangle having 
either the base or perpendicular given. 

Hide. Divide the given area by half the base (if the base be 
given), or half the perpendicular be given ; the quotient will be 
the base or perpendicular required. 

To set out a triangle equal to 5 acres on a base equal to 4 
chains; thus: 

5.00000 -T- 200 = 2.500000, the length of the perpendicular 

Problem 57. 

To lay out any given quantity of land in a circle. 

Rule. Divide the area by .7854, then extract the square root 
of the quotient for the diameter ; take half the diameter and 
describe a circle, which will be the quantity requu'ed. 
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It 18 required to lay out fiv^ acres in a circle : 

5.000 -^ .7854 = s/ 6.3661S3 = 8.523, the diameter 

Prohlem 58. 

To lay out any given quantity in a regular polygon. 

Rvle. Find in the Table No. 14 the area of the polygon 
required to be set out, the side of which is 1. 

Divide the proposed area by the number in the table ; ex- 
tract the square root of the quotient, and the root is the side 
of the polygon required. 

Multiply the side thus found |by the corresponding radius in 
the column marked (Radii of Circum.), and the product will 
be the radius of the circle circumscribing the polygon. 

Set out a pentagon contaroing 5a. 3r. 16p. 

mhI. DIUB. » 

6.85150 ~ 1.72048 = \/ 3.40285 = 1.8445 = the side required 
1.8445 X .8507 = 1.56911, the radius of circle 

"With a strong cord equal to the length of the radius describe 
a circle ; then take the length of the side and point off the 
number of sides on the circle. (See Fig. 69, Plate 4.) 

Problem, 59. 

To lay out any given quantity of land as an ellipse. 

When one of the diameters are given. 

Rule. Divide the given area successively by .7854 and the 
given diameter ; the quotient wiU be the other diameter. 

When both diameters are required to be in a given propor- 
tion or ratio. 

Divide the given area successively by .7854 and the product 
of the terms of the ratio and the square root of the quotient, 
multiplied separately by the terms of the ratio will give the 
two diameters. 

Example 1. Lay out an ellipse equal to 5 acres, the transverse 
diameter 8 chains. 

5.000000 „^^ r , .1. • * J- 4 
7854 X 800 ~ ' conjugate diameter 
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Example 2. Lay out an ellipse, equal to 5 acres, the propor- 
tion of the diameters as 9 to 5. 

/ 6.00000 _,,Q 
^ 6 X 9 X .7«64" 

Then 118 x 9 = 1062, the innsvene diameter 
And 118 X 5 = 590, the conjagate diameter 

To construct an ellipse, see Problem 69, Part I. 

OBSEBVATIONS ON IKCLOSUBES. 

In the year 1801, and reign of Greorge III., an act was passed 
called the General Inclosure Act; since which there are five 
acts of amendments for the inclosure of commonable and waste 
lands, and allotting land, in lieu of tithes, common, and cottage 
righte, the claims for which are various in different parishes. 
In all cases, every parish about to be inclosed applies to Parlia- 
ment for its own act, subject, notwithstanding, to certain con- 
ditions under the general act 

The many advantages and improvements that presented them- 
selves induced a great portion of the kingdom to embrace the 
great powers to be exercised by it Farms in small quantities 
that were scattered about the parish in every possible direction 
were allotted in large quantities near to the farm homestead. 

The tithes belonging to the rector and vicar, called great and 
small tithes, were usually taken in kind, that is, by a tithing- 
man collecting every tenth, or by composition. Both systems 
were bad, and caused constant litigation. Under this act, 
land was allotted equal to the value of the tithes, after deduct- 
ing all roads, drains, &c. 

The lord of the manor and the cottager were also allotted 
land equal in value to their respective claims. 

The improvements that were made by the formation of new 
roads and drains afforded every facility for great improvements 
in cultivation at a less cost. 

To carrj^ this into effect, full powers were given to commis- 
sioners duly appointed, whose duty was to value the whole, 
and ai)point a surveyor and other oliicers required. 
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The surveyor should have a sound geometrical knowledge, 
well acquainted with decimals, as every matter of calculation is 
worked by decimals to the fraction of the smallest coin, and the 
decimal of a pole ; consequently his plan, when finished, would 
have a very large number of small pieces of land, of different 
occupiers and owners, and when the total quantities are made 
out^ and the value of each piece brought to a total also, under 
their several heads, and balance with the gross amount of 
quality and quantity in the parish. 

In the first place, a very accurate plan of the parish must be 
prepared, showing minutely all waste, baulks, commons, open 
field lands, and old inclosures. The several quantities are care- 
fully computed and carried to separate columns in the reference, 
viz. the old inclosures are carried to one column, distinguish inff 
the arable, pasture, and wood; the homestalls are carried to 
the grass column, &c. &c. 

The open field lands, commons, baulks, and such old inclo- 
sures as are given up as aUottable land, are carried to another 
column, having a separate set of numbers on the plan. 

The old roads and water-courses passing over commons and 
allottable lands are carried out in quantity to allot. New roads 
and water-courses are deducted out of the total quantity, and 
entered as such in allotting. 

The values are put on the plan in private characters to each 
respective piece, transferred to the reference, and cast out in 
shillings and decimals, producing the total value of the allottable 
part of the parish. 

An abstract or allotting book is then made showing each 
proprietor's numbers and values, the total value of his share in 
shillings and decimals, for which he is to receive equal value in 
his allotments according to the original values. 

In addition to the open field lands, the proprietors have 
other claims to add and receive value in land^ horse, sheep, and 
cow commons, and common rights, which is generally noticed 
in their written claims at the commencement of an inclosure, 
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and submitted to the commissioners and their clerk; if ad- 
mitted, it is entered into a book for that purpose made by the 
clerk, and a copy is delivered to the surveyor, who has to make 
out a calculation sheet, or general reference, ruled in columns 
under every head of the different claims, and every particular 
of value and quantity. 

A scheme is then submitted to the proprietors, showing as 
near as possible the situation they are to be placed to receive 
theh- allotment or allotments, in lieu of then- original holdings 
and rights, after proportionate deductions have been made for 
manorial rights, tithe, gravel-pits, drains, roads, public fencing, 
recreation-ground, &c. 

The most difficult part of an inclosure is in giving general 
satisfaction to the proprietors in the situation their allotments 
are placed, according to the judgment of the commissioners, 
that being at variance with the proprietors as to value and 
location. 

When the scheme is pretty well matured, a division book is 
made, according to the lines drawn on the plan, the pieces and 
parts of pieces of land are numbered and scaled, and the pro- 
portionate value adjusted, until each proprietor has his exact 
share. This is a very delicate operation to the surveyor, as the 
whole of the allotments must balance with the original quantity 
and value. 

All roads and drains are set out prior to any of the allot- 
ments. 

After the allotments have been staked out^ and the plan to 
correspond, the clerk then divides them in their just proportion 
of copyhold and freehold, &c., which is accurately laid down on 
the plan by the surveyor. 

The surveyor has to make out a rate according to the expense 
of inclosing the parish, submit it to the commissioners, on the 
approval of which it is then given to the clerk to collect. 

Example, Open field properties and old inclosures charged 
with a rate to defray expenses. 
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A . 

B . 
C . 
D . 


Omr Fni j>8. 


Old 

InCLOSUBBg. 


OrXM FXBLD. 
BATB. 


Old 

ivolosvbs. 

BATB. 


TOTAL BATB. 


BhlU. dee. 

4761.291 

2763.423 

1765.912 

17646.173 


BhilL deo. 

2341.576 

1381.726 

832.526 

8376.947 


Bhill. deo. 

6720.611 

3900.600 

2492.604 

24907.751 


BhllL dec. 

1796.282 

1059.958 

638.653 

6426.166 


BhiU. dec. 
8516.893 
4960.558 
3131.257 
31333.917 


26936.799 


12932.775 


38021.566 


9921.059 


47942.625 



The rate to be raised on the above property amounts to 

BhllL de& 

2397Z. 2s. 7id., or 47942.625 ; and it is supposed 23s. in the 
pound on the open field, and 12s. 6d. in the pound on the old 
indosures, will raise the above sum. But, in case- it should 
not, the said sums are to be increased or diminished in exact 
proportion, so as to raise the exact sum — ^viz. 239 7Z. 2s. 7^. 

First reduce the required sum into shillings and decimals. 
Then find £Etctors for the open field land and the old inclosures, 
thus: 



2397 2 7i 

20 



47942.625 



7i 
4 

48)300.625 

Bh. 

23 
12.6 



B. 



As 20 : 23 :: 1 = 1.16 factor for open field 



As 20 : 12.5 :: 1 = .625 factor for old mdosure 



35.5 sum of the two 

Then multiply the annual value of the open fields and the 
old inclosures by their relative factors, the amount of which 
will give the total sum according. 



Bh. 



sh. deo. 



26936.799 x 1.16 = 30977.31885 open field 



12932.755 x .625 = 8082.984375 old inclosure 



Id 



47942.625 
39060.303 



39060.303226 rate raised being deficient 8882.322 



8882.322 less tban the sum reqnired 

Bh. 

As 39060.303225 : 35.5 :: 47942.626 = 43.5727 the required sum to be raised 

As 35.5 : 43.5727 :: 23. = 28.2302 in the pound, open field 
35.5 : 43.6727 :: 12.6 = 16.3425 do. old inclosure 



43.5727 as above 
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Hoi 8USQSI -h 90 8 L41161 bnnmlktt»tgmm 
lS.S4S6-^80» .7«71M do. Jib 




A 4761.991 ) r 6790.60986 9841J76) ri796J8]«l 

B 9768.483f ^. auki- 3 8900J9990 lS8L796r ^ vkti^k^ I1j069.9MM 

O 1765J919f ><^*"^i- 1 9499.60946 9S9.696f >«-7671»« < 688.66U1 

D 17646178 1 194907.49661 8Sf6Mr) (6496Ji664r 

88091J0909 999lJ0i6Q9 
999L0i60S 



47949J6S06 lk«MMa4QrMteie«iiradi 

Therefore upon ihe aame principle can any rate lor a paridi 
or ocnmly be calculated. 

OH FLAHB TBIOOVCnfRBT. 

Plane trigonomeby is the art of measuriiig and ccmpiiting 
the odea of plane trian^^ or of audi whoae adea axe xij^ 
finea 

Aa tibia work ia not intended to teadi the elementa of maliie- 
maticfl^ it will be aoffident to point out a £sw of the prind^Lea^ 
and give the rolea of plane trigonometiy for ihoae caaea that 
occur in aurv^pig. In moat of these oaaea it ia reqimed to 
find lines or angles^ whose actual admeasurement is difficult or 
impracticable ; they are discovered by the relation they bear to 
other given lines or angles^ a calculation being instituted for 
that purpose ; and as the comparison of one right line with an- 
other right line is more convenient and easy than the com- 
parison of a right line to a curve, it has been found advan- 
tageous to measure the quantities of angles, not by the arc 
itself which is described on the angular pointy but by certain 
lines described about that arc. 

The circumference of every circle is supposed to be divided 
into 360 equal parts, called degrees; each degree into 60 
minutes ; each minute into 60 seconds ; and so on. 

The sine of three angles of every triangle, or two right angles, 
are equal to 180 degrees. 

The sum of two angles in any triangle, taken from 180 de- 
grees, leaves the third angle. 

In a right angled plane triangle, if either acute angle be 
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taken from 90 degrees, the remainder will give the other acute 
angle. 

When the sine of an obtuse angle is required, subtract such 
obtuse angle from 180 degrees, and take the sine of the re- 
mainder, or supplement 

If two sides of a triangle are equal, a Ime bisectmg the con- 
tttined angle will be perpendicular to the remammg side, and 
divide it equally. 

Before the required side of a triangle can be found by calcu- 
lation, its opposite angle must first be given, or found. 

The required part of a triangle must be the last term of four 
proportionals, written in order under one another, whereof the 
three first are given or known. 

In four proportional quantities, either of them may be made 
the last term ; thus, let A B C D be proportional quantities : 

As first to second, so is third to fourth, A : B : : C : D 

As second to first, so is fourth to third, B : A : : D : C 

As third to fourth, so is first to second, C : D : : A : B 

As fourth is to third, so is second to first, D : C : : B : A 

Against the three first terms of every proposition or stating 
must be written their respective values taken from the proper 
tables. 

If the value of the first term be taken from the sum of the 
second and third, the remainder will be the value of the fourth 
term or thing required, because the addition and subtraction 
of logarithms correspond with the multiplication and division 
of natural nimibers. 

If to the complement of the first value be added the second 
and third values, the sum rejecting the borrowed index aWU be 
the tabular number expressing the thing required. This method 
is generally used when radius is not one of the proportionals. 

The complement of any logarithm, sine, or tangent, in the 
common table, is its difierence from the radius 10.000.000, or , 
its double, 20.000.000. 

The complement of an arc is what it wants of 90 degi'ees. 

L ■ 
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The supplement of an arc is what it wants of 180 degrees. 
A sine or right sine of an arc is a line drawn from one ex- 
tremity of the arc perpendicular to the diameter, as B F, or the 
supplement to the arc B D E. (Fig. 1, Plate 28.) 

The versed sine of an arc is that part of the diameter inter- 
cepted between the arc and its sine ; as A F is the versed sine 
of the arc A B. 

The tangent of an arc is a line perpendicular to the diameter 
touching the circle, as A H. 

A secant is a line drawn from the centre C through any 
point of the circumference until it intersects the tangent as at 
H ; then C H is the secant of the arc A B ; also E I is the 
tangent and C I the secant of th$ supplemental arc B D E ; and 
this latter tangent and secant are equal to the former, but are 
accounted negative, as being drawn in an opposite direction to 
the former. 

The co-sine, co-tangent^ co-secant of an arc, are the sine, tan- 
gent, and secant of the complement of that arc, the co. being 
only a contraction of the word complement Thus, the arcs 
A B and B D being the complements of each other, the sine, 
tangent^ or secant of one of these is the co-sine, co-tangent, or 
co-secant of the others ; so B F the sine of A B, is the co-sine 
of B D ; and B K the sine of B D, is the co-sine of A B. In like 
manner, A H the tangent of A B, is the co-tangent of B D ; and 
D L the tangent of D B, is the co-tangent of A B. Also C H 
the secant of A B, is the co-secant of B D ; and C L the secant 
of B D, is the co-secant of A B. 

Corollary. Hence several remarkable properties easily follow 
from their definitions ; as — 

1st. That an arc and its supplement have the same sine, tan- 
gent, and secant; but the two latter, the tangent and secant^ 
are counted negative when the arc is greater than a quadrant, 
or 90 degrees. 

2nd, When the arc is zero, or nothing, the sine and tangent 
are nothing, but the secant is the radius C A 

3rd. Of any arc A B, the versed sine A F and co-sine B K 
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are equal to the radius C A — the radius, tangent, and secant 
forming a right angled triangle C A H ; so also do the radius, 
co-tangent, and co-secant, another right angled triangle C D L. 
All these right angled triangles are similar to each other. 

The sine, tangent, or secant of an angle, is the sme, tangent^ 
or secant of the arc by which the angle is measured, or of the 
degrees, &a, in the same arc or angle. 

The method of constructing the scale of chords, sines, tan- 
gents, and secants, usually engraved on instruments for practice, 
is shown by Fig. 1, Plate 28, called a Trigonometrical Canon. 

A trigonometrical canon is a table showing the length of 
the sine, tangent, and secant to every degree and minute of the 
quadrant, with respect to the radius which is expressed by 
unity, or 1, with any number of cyphers. The logarithms of 
these sines, tangents, and secants are all ranged in the tables ; 
and these are most commonly used, as they perform the calcu- 
lations by only addition and subtraction, instead of the mul- 
tiplication and division, by the natural sines, &c., according to 
the nature of the logarithms. 

Having given an idea of the calculations and use of sines, 
tangents, and secants, we now proceed to resolve the several 
cases of trigonometry ; previous to which it will be proper to 
add a few preparatory notes and observations. 

Note 1. There are three methods of resolving triangles — 
namdy, geometrical (instruction, instrumental operation, and 
arithmetical computation. 

In the first method, the triangle is constructed by laying 
down the sides by a scale of equal parts, and the angles from 
the scale of chords or protractor. Then measuring the un- 
known parts by the same scale for the lengths of the sides, and 
the angles by the scale of chords or protractor. 

The second method, by logarithmic lines, commonly called 
Gunter's scales. These scales are to be perpendicularly over each 
other, as thus : the 10 on the line of numbers, 90 on the sines, 
and 45 on the tangents. (See Sector, Plate 41, Part Y.) 

l2 
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« 

In working proportions with these lines, attention must be 
paid to the terms, whether arithmetical or trigonometrical, that 
the first and third term may be of the same name, and the 
second and fourth of the same name. To work a proportion, 
take the extent on its proper line from the first term to the 
third with the compasses, and appljang one point of the com- 
passes to the second, the other applied to the right or the left, 
according as the fourth term is to be more or less than the 
second, will reach to the fourth. 

In the third method, the terms must be stated according to 
rule ; which terms consist of the given lengths of the sides, and 
of the sines or tangents of the given angles taken from the 
logarithmic tables ; in which case the second and third terms 
are added together, and from this sum the first must be sub- 
tracted, excepting when radius is not concerned in the analogy, 
by taking the arithmetical complement of the first term, and 
adding to it the logarithms of the second and third terms, the 
natural number of which aggregate logarithm is the fourth term 
of the proposition. 

Kote 2. A triangle consists of six parts — ^viz. three sides and 
three angles ; and in every case in trigonometry there must be 
given three parts to find the other three. Also of the three 
parts that are given, one of them must be a side, because with 
the same angles the sides may be greater or less in proportion. 

J^ote 3. All cases in trigonometrical surveying are comprised 
in three varieties — ^viz. : 

1st. When two angles and a side are given. 

2nd. When two sides and the included angle are given. 

3rd. When three sides are given. 

Problem 60. 

Case 1. The following proportion is to be used when two 
angles of a triangle and a side opposite to one of them are given 
to find the other side : 

Rule. As the sine of tlie angle opposite the given side is to 
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the given side, so b the sine of the angle opposite the required 
aide to the required side. 

When two sides and an angle opposite to one of them are 
given to find another angle, use the following rule : 

Bule. As the side opposite the given angle is to the sine of 
tlie ^ven angle, so is the other given side to the sine of the 
required angle. (Fig. 2, Plate 28.) 

Demanstt^ation. Let A B C be the proposed triangle, having 
-A B the greater side and B C the least ; take A D equal to B C, 
consider it as a radius, and let fall the perpendiculars D E and 
C! F, which will evidently be the sines of the angles A and B to 
the radius A D or B C. Now the triangles A D E, A C F, are 
equiangular, they therefore have their like sides proportional — 
namely, AC : C F : : AD or B C : D E; that is, the side A C 
is the sine of its opposite angle B, as the side B C is to the sine 
of its opposite angle A. 

Ifoie. — ^In practice : To find an ancle, begin the proportion with a side opposite 
to a g^ven angle; and to find a side, begin with an angle opposite to a given side. 

An angle found by this rule is ambiguous or uncertain, whe- 
ther it be acute or obtuse, unless it be a right angle, or unless 
its magnitude be such as to prevent the ambiguity, because the 
sine answers to two angles, which are supplements to each 
other, and, accordingly, the geometrical construction forms two 
triangles with the same parts that are given (see Prob. 63) ; and 
when there is no restriction or limitation included in the ques- 
tion, either of them may be taken. The number of degrees in the 
table answering to the sine is the acute angle ; but if the angle 
be obtuse, subtract those degrees from 180°, and the remainder 
will be the obtuse angle. When a given angle is obtuse, or a 
right angle, there can be no ambiguity, for then neither of the 
other angles can be obtuse, and the geometrical construction 
will form one triangle. 

iVb/tf.— All the three angles of a triangle are eqnal to 180° ; therefore, if the 
sum of anj two of them be sabtracted m)m 180, the remainder will be the third 
angle. 
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PtObmei. 

Fig. 3, Plate 28. In the triangte ABC; ghrea Hie mdm 
AB.4969, EG 4580, and z AiT 4(r, to find fhe aide AG 
and z a Band G. 

Draw ike fine AB m 4969 firam a acak of equal parta; ihen 
from ihe acak of chorda with ihe radina of 60 deaoribe the arc 
a h ; from the aame acale of chorda take in the ccmipaaaea 4Sr 40" ; 
from b interaect the arc at a; draw the fine A G ; take in the 
compaaBea 4580»BG? with one Hoot at B interaect the fine 
at G ; draw the fine B G; apply the acak from A to G equal 
to 6756. 

The an^ea B and G are found hy the protractor. 

Bjf Quntm's Soab$. 
To find the z G. 

AtBOsria. ZA:: ABtrin.zO 

Huh. Extend* Hie comp aa aea from the first to the third term 
on the line of numbers — viz. from 4580 to 4969 ; with this dis- 
tance place one foot of the compasses in 42^ 40' on the line of 
sines, the other will reach to 47^ 20', equal to the angle C. 

To find the angle B. 

Subtract the sum of the two angles A and B firom 180» =, 
leaves 90^-^ B, which is a right an^ed triangle. 

To find the ndt A C. 
As sis. Z. A : BG :: Bin. Z. B : AG 

Extend the compasses from 42'' 40' to 90"" 0', the angle B on 
the line of sines ; with that extent set from 4580 will point to 
6756, the side required. 

Froblem 62. 

The Same. In all right angled triangles, when the base 
and lesser angle are given, to find the hypothenuse and per- 
pendicular. 
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Given the side AB = 4969 and z A = 42° 40', to find the 

dde A C. 

By Logarithms. 

Aandina 10.000000 

: the side A B 4969 3.696269 

:: lecant of Z. A 42» 40' 0.133530 

: the hypo. A C = 6757 = 3.829799 

To find the secant, subtract the co-sine z A 42° 40' from 
radius = 0.133530. 

To find the perpendicular B C. 
As radius 10.000000 

: the side A B 4969 8.696269 

:: tangents A 42"* 40' 9.964588 

: the per. B C 4580 = 3.660857 

Arithmetical complement is commonly used when radius is 
not the first term in the analogy. 

Problem 63. 

Fig 4, Plate 28. In the obtuse triangle ABC; given the side 
A B 6880, the angle A 108^ 0', the angle C 42° 00', to find the 
sides B C, A C, and the z B. 

By GeometricaJ Construction. 

Draw A B 6880 by the scale ; at A with the chord of 60 
describe an arc ac^ and set off 108°;* draw AC and BC; 
with the scale measure A C equal to 5141, also B C equal to 
9779. 

The angle B is found as before. 

As sin. Z C : AB :: sin. ^ A : BG 

By Logarithms. 

To find the side B C. To find the side A G. 

As the sin. ^ G 42° 00' ar. eo. 0.174489 As sin. ^ G 42<' 00' a. c . 0.174489 

: the side A B 6880 . . .3.837588 : the side A D 6888 . . . 3.837588 

:: sup. of sin. ^ A 108° 00' . 9.978206 :: sin. -di B 30° 00' . . . 9.698970 

: the ride B G 9779 . . = 3.990283 : the side AG 5141 . . = 3.711047 

* When the angle is greater than 90°, take half the angle and set it off at twice, as 
from a to 6, and bioc. 
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The Same. In the obtuse triangle ABC; given the side 
A B = 6880, the angle B = 30" 00', the side A C = 5141, to find 
the two values of the angles A C B and A C B. 

As the Bide A C = 5141 a. o. . = 6.288953 1^0.00 

: sin. ^BrzSO^'OO' . . . =9.698970 41.59 

:: the side A B = 6880 . . . = 3.837588 



sin. ^ A C A = 138.01 



: 8in.^AC"B4r59' . . =9.825411 

Problem, 64. 
Examples for Practice. — By Logarithms. 

Fig. 5, Plate 28. In the acute angled triangle ABC; given 
the base A B 675, the angle A 47'' 05', the angle B 75^ 0', to 
find the z C and the sides B C and A C. 

Am. The ^ C 5r 65' ; the side B C 586; the side AC 773 

Problem 65. 

jF^. 6, Plate 28. This example may be considered as the com- 
mencement of an extensive survey, or one in which a lighthouse 
and battery, a distance at sea, are required to be accurately 
shown ; the base line A B being the only available spot for 
accurate measurement, and taking the necessary observations. 

The whole to be calculated by logarithms and Gunter's scale. 

Given the side AB 1200, the z CAB 96^00', z DAB 
41' 29', z A B D 103^ 30, and z CBA44M'. 

Acquired the angles A C D = q'JS.OO Required the sides A C = 1300 

ACB = 39.66 „ CD = 1663 

B DC = 74.40 „ BD = 1385 

,, BDA = 35.01 ,, AD = 2034 

„ B C = 1860 

Each of these examples may be repeated by changing the 
sides and angles. 

Case 2. When two sides and the included angle are given, to 
find the other angles and side. 

Ride. As the sum of the two given sides is to the difference 
of those sides, so is the tangent of half the sum of the two un- 
known angles to the tangent of half their difference. 

Half the difference thus found, added to half their sum, gives 
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the greater of the two angles^ which is the angle opposite the 
greatest side, and subtracted from the half sum, will ^ve the 
less angle. 

If the third side is wanted, it may be found by Case 1. 

Prchlem 66. 

Fig. 7, Plate 28. In the triangle ABC; given the sides 
A B 1200, A C1300, and the angle A 96* 00', to find the side 
B C and angles B and C. 

By Logarithms. 

As the sam of ilie Bides AB + AG = 8500 ar. oo. 6.602060 

: their differenoe 100 2.000000 

:: the taiL of ^ the opp. angles = 42^ 00' . . . 9.95i000 

xthetaiLofidiir. ... 2 4 ... =8.556497 

Their sum .44 4^6 

Differenoe • 39 56 ^ C 

The two sides and angles being known, the third side is found 
by Case 1. 

To find the mde A B. 

As sin. ^ C 39» 56' ST. 00 0.192535 

: the side A B 1200 3.079181 

:: sin. ^ A 96° 00' supplement .... 9.997614 

: the side BC 1860 =3.269330 

Problem 67. 

Fig. 8, Plate 28. The exact distance between two churches 
is required, being intercepted by wood; given the length 
AB 6880, AC 9779, and the Z ASCTO'; required the Z s. C 
and B, and side B C. 

By Logarithms. 

As the sides A B 6880 + AC 9779 = 16659 ar. 00 5.778351 

: their differenoe 2899 3.462248 

:: the tan. of i the opposite ^ s. 75'' 00' 0.571948 

: tan. of } differenoe .... 33 00 =9.812547 

Their som . . . . 108 00 ^ B 

Biffeience 42 00 ^ C 
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Case 3. When ihe three mdes of a triang^ axe giveii, and 
die axi|^ lequiredL 

Ruk. Let Ml a perpendicular firam the greatest an^ to the 
longest dde or base, whidi divides it into two segmented and 
the whole trianj^ into two tij^ ang^ triang^' 

Then, as the base or sum of the two s^ments is to the sum 
of the other two sidesi so b the difference of those eides to the 
difierence of the s^ments of the base. 

Half the difference of the segments thns finmd, added to the ^ 
half base, gives the greater segment^ or sobtracted fix>m the 
half base gives the less s^ment^ and the whole triangle will be 
divided into two right an^ed triang^ witii two sides and one 
4Uigle given to each; the remaining sides and an^es t>f which 
inay be £rand bj the rule to the £ist case. 

Problem 69. 

Fig. 9, Plate 28. In the triangle ABC; given A B 6880, 
B C 6756, C A 4960, to find the angles A B and C. 

By Geometrical Construction. 

Set off the base line A B from a scale of equal parts ; take 
the length of each side from the scale, and strike arcs intersect- 
ing in C ; then frx)m C let fall a perpendicular. 

By Gunter's Scale. 
To find the difference of segments. 

A8AB:BC+AC::BC- CDrdiff. of segmenta 

Extend the compasses on the line of lines from 6880 A B to 
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11716, the sum of the sides BG and AC; that extent will 
reach from 1796, the difference of the two sides, to 3058, the 
difference of the segments, or fourth number. 
To find the angle B. 

As B G : radios :: B D : the 004. /. B 

Extend the compasses from 6756 B C to 4960 B D, the 
greater segment ; that extent from the radius on the sines will 
reach to 47° 14' the z B C D, the complement of which is 
42° 46' the z B. 

To find the angle B. 

Extend the compasses from 4960 AC to 1911, the less seg- 
ment; that extent from radius on the sines will reach to 
22° 39' z A C D, the complement of which is 67° 21' the Z A : 
the supplement of the sum of the angles A and B equal to 
69° 53', the angle A C B. 

By Logarithms. 

As 6880 : 11716 :: 1796 :: 3058 diff. of segmeiits 

Half diff. of segmento 1529 

Half the base 3440 + ^ the diff. 1529 = 4969 mater segment 
Half the base 3440 - i the diff. 1529 = 1911 lesser segment 

To find the z A. 

AstbesideAG 4960 . . 3.696482 

: radius 10.000000 

::thesideAD 1911 . . 3.281261 

13.281261 

: theoo4ine^A67''21' » 9.585779 

To find the z B. 

As the side B C 6756 3.829690 

: radios 10.000000 

:: the side BD 4960 3.695482 

13.695482 

: the oo-sine ^ B 42» 46' .... =9.865792 
The supplement of the angles A and B eqoal to 69^ 53' = ^C 
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ProNem 70. 

Example far Practice. 

In the triangle ABC; given the side A B 930, the ade 
AC 600, and the side CD 650; required the angles. 
First, by geometrical construction. 
Second, by 6unter*s scale. 
Third, by logarithmic calculation. 



Problem 11. 
MieceUaneaua Questions far Practice. 

Fig. 10, Plate 28. It is proposed to throw a bridge across 
the river ; what is the exact distance from C to D? 

Given the line AB 1017, the Z A4r 29^ the Z BSS^'Oi; 
to find the line CD. 

To find the ^ 0. 
^B85"0r+^A4r99'=76*80'-180*»00' = l(»*W^O 

To find the sida A G. To find tlie aide B G. 

As sap. sin. ^ C 76^ 80' . 0.9878S9 As sup. sin. ^ G 76^ 80' . 0.087889 

: side AB 1017. . . . 8.007891 : side AB 1017. . . . 8.007881 

:: sin. ^3 85'' or. . . 9.758779 :: sin. ^ A 41"* 99' . . . 0.891199 



19.766093 19.828433 



: side A G 600 . = 9.778861 : side B G 699 . = 2.840601 

Then by Case 3 : 

As 1017 : 1299 :: 98 : 116.877 diff. of segments 

58.438 half diff. 
Hslf the base 508.5 f 58.438 = 566.938 the greater segment 
», ,, 508.5 - 58.438 = 450.062 the lesser segment 

Then by Case 1 : 

As radios 10.000000 



: the side B D 566.938 . . 8.753588 
:: tangent ^ B 35.01 . . 9.845496 



: the side C D 399 . . . = 2.599078 the perpendicular required 

Problem 72. 

Fig. 11, Plate 28. The distance is required between two 
points, A B, on the summit of two hills ; given the angle of 
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declivity at A 4 1*' 29', and length from A to C 600 ; the angle 
of acclivity from C to B B5'' 01', and length 692. 
By Case 1 : 





xv.vwvv/v 




: the side AC 600 . 
:: the 004. ^ A 41" 29' 


2.778151 
9.874568 


: side CB 692 . . . 2.840106 
:: 004. ^ C 36° 01' . 9.913276 


: aC 450 .... = 


= 2.652719 


: CA567 .... =2.753382 



Then a C 450 + C^ 667 = AB 1017 

Prohlem 73. 

Fig. 12, Plate 28. This and the preceding figure will show 
the principle of obtaining not only a correct distance, but also 
a tolerable section of the groimd from one eminence to another, 
and the valley between them, and if carefully perfonned, the 
heights from the base or datum line A E are ascertained with 
tolerable eflFect. Care should always be taken that the object 
fixed to take the angles should be of the same height as the 
telescope of the theodolite. 

Commencing at A, the angle of acclivity is 24° 10', and length 
to B 1350 ; from B the angle of declivity is 28"^ 0', the length 
1140 ; from C the angle of acclivity is 25° 20', and length 1560 ; 
and so on for any distance. 

Plot this to a large scale, and set off the angles by a good 
protractor. 

Problem 74. 

Fig. 13, Plate 28. When a station or other object falls within 
one of the large triangles formed by the three objects. 

Let ABC represent three towers, whose distance from each 
other is known ; to find the distance from the tower D, mea- 
sure the angles ADC, BDC, ADB; plot the angles by the 
protractor, the point of intersection will be the point D. 

Prohlem 75. 

Fig. 14, Plate 28. To find the height of a building as A C. 
At B measure the angle F B C ; set ofi^ any distance B D as 
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a base ; messore the an^ B D G ; C BD is ^ae sappleooMot 
of F B C, and B C D is the sapptemeiit of G B D + B D G. 

Then as sine zBGD:BD::GDB:BG; BG bdng 
fonnd, we have in the right an^ed trian^e F B G, the side B G, 
and the angle F B G, to find F G, which is found by this pro- 
portion: 

AsidBMktoniieof the aa^f BO, toil BC:VO:VG added to AF, the he^ 

of the inetriiiaMi^ grrea tte height of the tower. 

PrMem 7B. 

Fig. 15, JPhte 28. To take the map of a country. 

ilrst^ choose two places so remote from each other that thdbr 
distance may serve as a common base for the trian^e to be 
observed, in order to tcma the map. 

Let A BGDEFGH I Ebe several remarkable objects, whose 
situations are to be laid down in the map. 

Make a rough sketch of these objects, according to thdr 
positions in r^urd to each other; on this sketch the different 
measures taken in the course of the observations are to be set 
down. 

Measure the base A 6, whose length should be proportionate 
to the distance of the extreme objects from A to B ; from A, 
the extremity of the base, measure the angles E A B, FAB, 
GAB, CAB, DAB, formed at A with the base AB. 

From B, the other extremity of the base, observe the angles 
EBA,FBA,GBA,CBA,DBA. 

If any object cannot be seen frt>m the points A and B another 
point must be found, or the base changed, so that it may be 
seen, it being necessary for the same object to be seen at both 
stations, because its positions can only be ascertained by the 
intersections of the lines from the ends of the base with which 
they form the triangles. 

It is evident from what has been already said, that having 
the base A B given, and the angles observed, it will be easy to 
find the sides, and from them lay down, with a scale of equal 
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parts, the several triangles on the map, and thus fix with accu- 
racy the position of the different places. 

In forming maps or plans, where the chief points are at a 
great distance from each other, trigonometrical calculations are 
absolutely necessary. 

But where the distance is moderate, after having measured a 
base and observed the angles, instead of calculating the sides, 
the situation of the points may be found by laying down the 
angles with a protractor ; this method, though not so exact as 
the preceding, answers sufficiently for ordinary operations. 

Problem 77. 

Fig. 16, Plate 28. To ascertain the height of a building. 

Measure the line F E from the foot of the building, so that 
the angle C D A may be neither too acute nor too obtuse ; thus 
suppose E F = 130 feet, place the theodolite at D and measure 
the angle ADC = 34° 56'. 

Then as radius is to the tangent 34'' 56', so is E F = 130 feet 
to A C ; which, by working the proportion, you will find to be 
89 feet 7.92 inches, to which adding 4 feet for D E, or its equal 
to C F, you obtain the whole height, 93 feet 7.22 inches. 

The box-sextant may be applied to this with great approxi- 
mation to the truth, on which should be engraved Table 18. 



160 



PART III 



LEVELLING. 

Piusyions to the introduction of railroads, the art of levelling 
was confined to civil en^eers, whose practice was chiefly in 
the formation of canals, docks, harbours, &c. 

Levelling may now be considered a branch of surveying, as 
the surveyor is required by the agriculturist in draining marshy 
lands, or L improLg rol, anlh. making sections of ground 
for various other purposes. 

There are a variety of methods in obtaining the difference of 
level between two or more places to answer the purpose of 
drainage, &c. &c. 

The bricklayers' level, the use of which is so generally known, 
requires no comment. 

The difference of level is also performed by three laths of 
equal length, and is used in the following manner : First, with 
the assistance of the bricklayers' level, drive frsvo pegs into the 
ground, and adjust them until they are level ; then, at a con- 
venient distance, drive a third peg gradually down, till the 
observer at the first staff can see the top of each head in a per- 
fect line with each other ; then continue this operation by re- 
moving the first staff on forward. Care must be taken to hold 
the laths upright. 

Any inclination of ground may be found in like manner by 
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setting the first two pegs the number of inches required in a 
certain length. 

The mountain barometer, a highly interesting instrument to 
the philosopher and traveller for determining heights. 

The aneroid, another kind of barometer lately invented by 
M. Vedi, of Paris, much more portable than the former. 

The only true method of forming an accurate section of the 
irregularities of the surface of ground from one distant place to 
another, for the construction of railroads, canals, &c., is by the 
spirit level. 

Levelling is also performed by the theodolite, but seldom 
practised on engmeering works. 

The description of the spirit levek generally used in engineer- 
ing surveying, with the method of adjustment, as also a descrip- 
tion of the most approved level staff, is fully explained in 
Part V. (See Instruments.) 

Levelling is the art which instructs us in finding how much 
higher or lower any given point on the surface of the earth is, 
than another given point on the same surface; or, in other 
words, the difference in their distance from the centre of the 
earth. 

These points are said to be level which are equidistant from 
the centre of the earth. The art of levelling consists, therefore, 
firsts in finding and marking two or more level points that shall 
be in the circumference of a circle whose centre is that of the 
earth ; second, in comparing the points thus found with other 
points, in order to ascertain the difference in their distances 
firom the earth's centre. 

Problem 1. 

Fig. 5, Plate 29. Let the circle be supposed to represent the 
earth ; A the centre ; and the points G D F, touching or upon 
the circumference, are level, because they are equally distant 
firom the centre. Such are the surface of still water, seas, lakes, 
&c., tending to a natural level, or cur\'e, similar to the earth's 
convexity. 

M 
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Problem 2. 

Fig. 6, Plate 29. To find how much higher the point B is 
than C, and C lower than D, we must find and mark the level 
points E F 6 upon the radii A B, A C, AD, thereby comparing 
B with E, C with F, and D with 6; we shall discover how 
much B is nearer the circumference of the circle than C, and 
consequently how much farther from the centre of the earth, 
and so on of all the other points. 

Of the different methods of marking out the level points. 

The first, which is the most simple and independent, is by 
the tangent of a circle ; the two extremes of the tangent give 
the true level points when the point of contact is in the middle 
of the line. 

But if the point of contact with the circumference be at one 
of the extremities of the line, or in any other point except the 
middle, it will then only show the apparent level, as one of its 
extremities is farther from the cm^umference than the other. 

Thus, the tangent B C, Fig. 5, marks out two true level 
points at B and C, because the point of contact D is exactly in 
the middle of the line B C, and its two extremities are equally 
distant from the circumference and the centre at A. 

The tangent D C marks two points of apparent level, because 
D, where it touches the circumference, is not the middle of the 
line ; and, therefore, one of its extremities D is nearer to the 
centre than the other at C. 

C is farther from the centre in proportion as it is more dis- 
tant from the point of contact D, which constitutes the dif- 
ference between the true and apparent leveL 

Every point of the apparent level, except the point of con- 
tact, is higher than the true level. 

As the tangent of a circle is perpendicular to the radius, we 
make use of the radius to determine the tangent, and thus 
mark the level points. 

Let A represent the centre of the earth, A D the radius, and 
B D C the tangent, the two extremities B C are equally distant 
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£rom the point of contact at D, consequently the angles DBA, 
D C A, will be equal ; the angles at the tangent point are right 
angles, and the radius common to both triangles; the sides 
A B and A C are equal, and the points B C are the two level 
points, because equally distant from the centre. 

It is evident from this, that if from any point of the radius 
two lines be drawn, one on each side, making equal angles with 
it, and being of an equal length, the extreme points of these 
lines will be level points. 

Thus, if from D of the radius D A, two equal lines be drawn 
D E, D L, making equal angles EDA and L D A, then will 
K and L be equally distant from the centre ; though the level 
may be obtained by these oblique lines, yet it is far easier to 
obtain it by a line perpendicular to the radius. 

When the level line is perpendicular to the radius, and 
touches it at one of its extremes, the other extremity will mark 
the apparent level, and the true level is found by knowing how 
much the apparent one exceeds it in height. 

It follows clearly that the heights of the apparent level at 
different distances are as the squares of those distances (see 
Rule), and, consequently, that the difference is greater or 
smaller in proportion to the extent of the line, as the extremity 
of this line separates more from the circumference of the circle 
in proportion as it recedes from the point of contact. 

Thus A being the centre of the earth, D F the arc that marks 
the true level, and DEC the tangent that marks the apparent 
level, or level taken by any instrument for that purpose, it is 
evident that the secant A C exceeds the radius A D, by C F, 
which is the difference between the apparent and the true level ; 
and it is equally evident that, if the tangent extended no farther 
than E, this difference would not be so great as when it ex- 
tended to C, and that it increases as the tangent is lengthened. 

When the distance does not exceed 75 feet the difference 
between the two level points may be neglected, but if it exceed 

Bl2 



1 64 LAND ANI> ESGIXEERISG SLIKVETIXG. 

300 feet or thereabouts, then the error resulting from the dif- 
ference will become sensible, and require to be noticed. 

In the general practice of levelling the cun^ature and refrac- 
tion is seldom noticed, as the corrections are avoided by placing I 
the instrument always equally distant from the two levelling J 
staves. 

Problem 3. 

To find the height of the apparent above the true level for A~| 
certain distance. 

Rule. Square the distance, and divide the product by the 
diameter of the earth, equal to 42,018,240 feet, or 7958 miles; 
the quotient will be the required difference. 

Example 1. Required the difference between the apparent | 
and true level, the distance B C = 5280 feet, or 1 mile. 

saeS' = 37878400 -^ 48018240 = 0.66348 feet, or 7.9617C inches 

Example 2. Required the difference when the distance is 10 
chains, or 660 feet. 

eeO" = 43S600.00 -^ 4a018a40 = OlOSe feet, or .1213:3 inclica 

Another method : 

(Feet ) the M 

■jjards }■ tlie d , . . 

' (ehaiiH) miitti^; I17 ) .OOIU ) « 

Exam^ 3. Required the difibrence, the distenoe 80 diuna, 
or 1 mila 

so* = 6400 X .00196 = 8.000 indiM 

Sxan^ 4. Required the difference, the distance 1760 yard& 

irSC = 80S7M X .000008£SS = 8.000 iu^M 

If the ^stance is confflderable, and refracticai most be at- 
tended to, rtiTniTiigli the distance in respect to calcii]ati(^ 

Example 5. Required the correction for curvature and re- 
fraction, the distance being 20 chaina 

^ =1.7 and 20 ~ 1.7 = 18.3' X .008a6 = .4186 iocbes 
See Table, No. 9. 
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SIMPLE LEVELLING. 

Problem A. 

The tenn simple levelling is when the level points are deter- 
mined from one station, whether the level be fixed at one of 
the points or between theiiL 

Required the distance between two points, A and B, Fig. 1, 
Plate 29, distance 5 chains. 

Plant the instrument firmly in the groimd midway between 
the two points, and adjust the level carefully according to the 
directions given, (See Level, Part V.) The line of sight is 
shown from C to D. The figure-staff is to be held up perpen- 
dicular on the points A and B, and directing the instrument to 
the staff at A, the height is 9.25 ; turn the instrument steadily 
round and direct it to the staff at B, the height is 6.14 ; then 
subtract the less fr*om the greater wiU be equal to 3.11, or 3 
feet 11 tenths. 

Therefore, supposing the ground from A to B had to be 
made perfectly level, the ground at B E would have to be exca- 
vated 3.11, as sho^vn by the dotted line, which may be called 
the datum line. 

COMPOUND LEVELLING. 

Problem 5. 

When a line of country has to be levelled to show the true 
surface of the groimd, called a section, it is by a repetition of 
the former example, and the difference between the first and 
last height, distinguished as the back sight and fore sight, and 
that difference is carried on every time the instrument is re- 
moved ; the staff that was before called the back sight advances 
until it becomes the fore sight; the former staff remains sta- 
tionary to the point, only turning it to face the instrument, 
which is now placed equidistant between the two stakes as 
before ; these operations are continued from end to end. 

It must be strongly impressed on the mind that these two 
heights regulate the whole section ; the foiie sight must never 
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move from the point until motioned to advance, or until the 
instrument has been set and the sight taken. Between the 
BACK and FORE sights other heights may be taken, particularly 
in very uneven districts, called intermediates ; these heights do 
not in any way affect the casting or reducing the levels, which 
will be hereafter explained. 

In taking a course of levels through a country for a long 
distance many changes take place in choice of the best ground, 
sometimes from opposition, and various other causes; it is 
therefore requisite to fix certain marks, as a coping, top of a 
particular post, or any fixed object that can by reference to the 
book be easily foimd by any other person, either to commence 
other levels from that point, or to take up those points when 
checking the former levels ; these marks are called bench marks, 
which should be fixed at all roads for the purpose principally 
of taking cross sections, and many other parts where cross 
sections are required. 

At the same time the heights are entered into the book the 
lengths between each staff must be entered opposite them ; the 
distances are generally taken by a separate set of assistants 
having nothing to do with the levels, their duty being strictly 
confined to chaining, giving the distances of the crossings of 
fences, footways, roads, streams, &c., and are accordingly en- 
tered into the book opposite their respective heights. All re- 
marks should be noted also before the removal of the instru- 
ment. 

When a course of try levels are taken, the lengths are some- 
times taken from a plan. 

However careful the levels may have been taken, there is no 
proof against error. It becomes therefore necessary in all cases 
to go over the ground again ; this is called check levelling, in 
performing which it is not requisite to take up all the former 
details in chaining, only the roads, streams, and bench marks are 
necessary. These levels must be very carefully taken, and when 
completed tlie book is cast up or reduced, and these particular 
j)oiiits are then compared with the former levels. Where any 
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difference presents itself it may be further examined by taking 
fresh levels from the nearest bench mark ; sometimes an error 
may be confined, but very rarely, as if once an error occurs it 
is generally carried through and affects the whole section ; this 
shows the importance of check levelling. 

If the same person checks his former levels, it is better to 
commence where he finished. Any number of persons may 
also be engaged at the same time, by giving to each a certain 
portion between two bench marks. 

In passing over streams both banks should be taken, and, 
where possible, the middle of the stream ; the same observation 
also applies to roads, as frequently they are considerably above 
or below the adjoining groimd. 

In levelling through a town it is necessary to mark out dis- 
tinctly the point where the line crosses from a fixed point ; the 
lengths also will be obtained in like manner. This part is 
tedious, as the levels would have to be continued roimd from 
one street to another, making only an addition of heights in the 
book which are not required in the plotting for the section. 

In the same manner, where the levels are obstructed by bogs 
or any other impediment, the levels must be continued until an 
opportunity arrives to get into the line marked out. 

It is to be remembered that it is not absolutely necessary to 
plant the instrument on the direct line ; it should be placed in 
the best position that can be chosen to take advantage of the 
lowest point of one staff and the highest of the other, that is 
where the groimd is suddenly undulating. 

When the instrument in the first instance is carefully ad- 
justed it requires but little alteration during the day, parti- 
cularly the eye-piece, but the object-glass may occasionally 
require to be moved by the milled screw as the distances vary ; 
there should be only the parallel plate-screws to adjust on each 
move of the instrument. 

A great deal of labour is saved, and time gained, in having a 
good staff-holder, who may be very soon di'illed to hold the staff 
peq)endicular, and to understand the motions when lo move. 
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When (xnumeiidng a ooune of feveb^ if tbere be no 
height given^ alwajrs assume one, say 100 t&e^ more if the 
country is very hilly, so as to avoid having any of the levds 
below datum ; when that is the case it is subject to emm in 
casting or redudng the levels; if any particular datum lii^ ia 
afterwards required it can be easily adjusted. 

The datum line is the horiixmtal line upon which all the 
lengths are pointed ofl^ and from which the heists are mariced 
off perpendicular to it 

When the line is staked out &r ccmstructing stakes are drii^ 
into the ground nearly dose to the surfieu^ at every chain's 
length, and the heights taken off each stake; where a chai^ 
takes place for the curves^ two or three stumps are then driven 
to note the tangent point correqKmding with the woiking plan 
and section. 

The horizontal scale, or the scale to the datum line, is always 
the same as the plan, 8, 4, or 5 chains to Ihe inch, according to 
circumstances; and the vertical scale, tiuit is the scale used for 
marking the heights from the datum line to the ground surfiMse, 
also varies from 20 to 100 feet to the inch. A section is never 
plotted with the heights to the same scale as the horizontal line ; 
sometimes the same scale is used by taking the horizontal at 3 
chains to the inch, and the vertical scale at 30 feet to the inch. 

Therefore when a section is drawn it does not present the 
natural surface of the ground, but a deformed figure, otherwise 
it would not be possible to calculate the cuttings and embank- 
ments, and other engineering matters. 

The leveller should have nothing to do beyond attending to 
his levels and the staves ; a tracing of the ground to be levelled, 
having the line carefully d^a^vn on it, is given to the assistants 
deputed to measure the lengths, and report to him from time to 
time as required, and to mark out the line by putting up marks 
at the fences as the work proceeds. 

Having endeavoured to explain the several matters requiring 
attention in taking the longitudinal levels, it will be necessary 
to make a few remarks on cross or transverse levels. 
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These levels are chiefly, as before noticed, principally roads, 
both public and private, as well as where the ground is very 
side-laying ; they are generally taken about 5 chains each side 
the line ; on tolerably level ground they can be taken at the 
same time the other levels are being taken, and entered into the 
book the same way as the intermediates are, noting in the 
remarks the distance from the line on each side they are taken ; 
but when it is hilly it will be necessary to take them distinctly, 
beginning from the bench mark as before noted, and taking a 
height in the middle of the road where the line crosses. When 
there are many cross sections required, it is better to take them 
separately. The scales used for plotting cross sections are 
usually larger than those for the general section. (See Plate 30.) 

LEVEL BOOK. 

The greatest attention is required in keeping the level book ; 
the more simple it is constructed, the less liability will there be 
in making errors. There are a variety of forms, some compli- 
cated with numerous unnecessary columns. 

The two forms here introduced. No. 1 and No. 2, are selected 

for conciseness and legibility, and most generally used in 

practice. 

Problem 6. 

Fig. 2, Plate 29. This example is purposely introduced to 
show the difficulties and liability to errors in casting out the 
levels arising from the datum line A C, crossing the section at 
D and E, thereby changing the regular system of adding and 
subtracting the back and fore sights, and in reducing those 
heights, whereby it becomes necessary to mark the changes by 
the algebraic symbols of plus and minus. 

The surface line is shown by the line A D E B. 

The strong black vertical lines denote the points where the 
level staves are held, which are figured with feet, tenths, and 
hundredths. 

The spirit level is shown between them, and the dotted line 
represents the line of vision as taken by the telescope when the 
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instmmttrt had befea perfectly ad^»rted| aEnd b parallel to the 
datum line. 

This e3Eample ahould be carefully studied, and compared with 
the fi>ll0wiiig example, Fig. 3, Plate %9. 

When taking kveb in the field, all that is entered into Ihe 
book are the back, intermediate^ and fore a^ts, with the dis^ 
tanoea at each poiati where a hdght is taken and the remadas 
required. 

The leveb that' have been taken during the day dumld 
always be cast up and proTed every nij^ before proceeding 
Airther mih the levds. 

The level may be taken aa an intermediate, by meaffliri^ 
the hd^t to the centre of the eyeglass, as is shown in this 
example, and noted in the book. 

In all cases, when the hd^t in the column of back sights 
exceeds the heights in the fore sights' column, the lattw is sub- 
tracted from the former, and the differonce entered in the 
column marked bisk, as at 7.00 marked A a on the section and 
1.55 at 6, leaves 5.45 rise. 

And when the back sight is less than the fore sight, it is 
subtracted and carried to the fall column, as 0.80 at b and 9.20 
at dy leaves 8.40 falL 

This is the general rule on every principle of keeping the book. 

When all the heights of the back and fore sights are reduced 
and carried to their respective columns, then proceed to reduce 
them to the colunm called reduced levels. 

The first reduced level (see Level Book, No. 1) is 5.45 plus, 
or above datum; the next number is 8.40 difference in the 
fall column, which is greater than the last reduced number 
5.45, and shows at once it is below datum ; consequently the 
order is changed, and instead of adding to 5.45, that number 
must be taken from 8.40, carrying the difference 2.95 to the 
reduced column as minus or below datimi. 

Now proceed to the next move of the instrument. The back 
sight is. 1.65 as at rf, and the fore sight 1.00 as at ^, both of 
which arc below datum, the difference being 0.65 rise; this 
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number is subtracted from the last reduced 2.95, bringing the 
reduced level to 2.30. 

At this last point it must be remarked that, when the datum 
crosses the section, the heights in the rise column are subtracted 
and the fore column added, being quite the reverse when the 
datum line continues below. It is at these points of crossing 
where the great liability of error exists. 

The instrument being again removed, the back sight is 12.00 
at «, and the fore sight at/ 1.85 ; now the line crosses again at 
£, between the back sight and the intermediates, the last re- 
duced level is subtracted from 10.15 and carried to the reduced 
column 7.85, plus or above datum, and the preceding inter- 
mediates in the same manner, all being plus or above datum. 

The next change of the instrument alters the calculation ; 
the height in the rise column 3.40 is now added to the last re- 
duced number 7.85 ; the total height B C = 11.25 above the 
point of commencement at A, 

When aU the back and fore sights are reduced, then, before 
reducing the intermediates, prove the whole by casting up the 
back and fore sights, and subtract the one from the other, as 
shown by the book ; if the remainder is the same as at the last 
reduced number 11.25, the levels are correct. 

The same proof can be made by casting up the columns of 
rise andfalL 

Then proceed in like manner with the intermediates, ob- 
serving the changes in crossing the datum line. 

This example shows distinctly the trouble and difficulties 
that arise through not providing a number to prevent the 
datum line running through the section. 

Problem 7. 

Fig. 3, Plate 29. In the last example is shown how to reduce 
the levels when the datum crosses the section. 

In this example the same dimensions are adopted, and an 
assumed number given to avoid the difficulties before described, 
producing the same section. 
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The line A B shows the sur&ce line, and C D the datum line, 
on which the lengths are marked off; and firom each point a 
perpendicular line is drawn, on which the several heights are 
pricked off. 

All that has to be remembered is, that the heights in the 
rise column are to be added to the last reduced level ; and the 
heights in the fall column are to be subtracted from the last 
reduced level (See Example 2.) 

Then, to prove that the two calculations have been carefully 
reduced, add all the back sights together, and all the fore sights 
together, and subtract one from the other ; the difference should 
be the same as the last reduced level, that is 31.25 ; also the 
same proof will be obtained by adding up in like manner the 
rise and fall columns, and their difference will be the same, ob- 
serving to take in the amount of the assumed number 20.00. 

Problem 8. 

Example 3 represents the portion of a line of levels for a rail- 
way, and the general method of keeping the level book, which 
was fully explained in the last example. 

It has just been observed that, on commencing a course of 
levels, it is recommended to assume a number according to the 
nature of the country, say 100 feet. 

This example is supposed to commence on a certain part of 
the line, at a bench mark that is above datum 112.73, that 
being the last reduced level, and from which all succeeding 
heights are to be calculated. 

It will be observed that in some instances heights are taken 
right and left of the line, as at 12.00, <fec. This is merely 
to show the particular position of the ground at a certain point ; 
or a cross section may be taken in a similar manner, without 
interfering with the section of the main line. 

Supposing these levels were to be continued over to another 
page, the last reduced level 71.32 will be carried over, and con- 
tinued on in the same manner. 
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CHECK LEVELS. 

Problem 9. 

Easample 4 is a reduction of the former method of levels. 
When a course of levels has been taken and the section plotted, 
there is no proof that it is truly correct ; it is therefore requi- 
site either to level back over the same ground and take up the 
several bench marks, or by runnilig a course of check levels — 
that is to say, to prove chiefly tbe bench marks that were made 
in the first course of levels and the terminating point, and com- 
paring the reduced levels of both books, which will immediately 
show on which point of the line a difference exists, if any, and 
at what part wiU require levelling. 

Check levelling requires only the back and fore sights, and 
occasionally an intermediate, with all bench marks. It is not 
necessary to follow the line ; all that is required is to start from 
the same bench mark and end at the same as the first levek ; 
if a road is near the line, it will be the quickest and best level- 
ling. Check levelling requires no plotting nor chaining. 
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Example 1. 


In plus 


and minus. See Fig. 


. 2, Plate 29. 


BMk 

Bishta. 


Fora 
Bightfl. 


lUie. 


VftU. 


Reduced 
Le?ela. 


Dlfltanoe^ 

• 


KBMARKa 


0.00 


• • • 


• • • 


... 


0.00 







7.00 


1.35 


6.46 


... 


6.45 


136 


+ 


0.80 


0.66 


0.16 


• • • 


5.60 


236 






4.26 


... 


3.45 


2.00 


324 


Inatrainent 




7.60 


• a. 


6.80 


1.36 


396 


— 




9.20* 


• a. 


8.40 


2.95 


623 


— 


1.65 


4.06 


... 


2.40 


6.35 


661 






1.00* 


66 


• a. 


2.30 


790 




13.00 


7.60 


4.50 


. •• 


2.20 


877 


+ 




4.60 


7.40 


... 


5.10 


943 






4.60* 


7.40 


a*. 


6.10 


1016 


InsiruDient 




1.86* 


10.16 


a aa 


7.85 


1096 




6.76 


2.36 


3.40 


• •• 


11.26 


1204 




27.20 


16.96 


19.65 


8.40 








16.96 




8.40 










11.26 


11.26 





N.Ba The stars are put to distinguish the back and fore sights at the time of casting 
them outa 
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Example 2. In plus. See Fig. 3, Plate 29. 



Baek 

Sight!. 


Fore 
Sights 


BiM. 


FalL 


Beduoed 
Levels. 


Distanoe. 


BBMAEXa 


20.00 


•■ . 


■ • • 


• ■• 


20.00 







7.00 


1.55 


5.45 


... • 


25.45 


136 




0.80 


0.65 


0.16 


•■• 


25.60 


236 






4.25 


••• 


3.45 


22.15 


324 


Level 




7.60 


•■• 


6.80 


15.35 


396 






9.20* 


••• 


8.40* 


17.05 


528 




1.65 


4.05 


•• ■ 


2.40 


• 14.65 


651 






l.OO* 


0.65 


•• • 


17.70 


790 




12.00 


7.50 


4.50 


••• 


23.20 


877 






4.60 


7.40 


•• • 


25.10 


943 






4.60 


7.40 


••• 


25.10 


1016 


Level 




l.«5» 


10.15 


••• 


27.85 


1096 




6.75 


2.35» 


3.40 


••• 


31.25 


1204 




47.20 


15.95 


39.65 


8.40 








15.95 




8.40 


• 








31.25 


31.25 




Exar 


rvpU 3. 


Levels 


from 




to 


Back 
SiffhU. 


Fore 
Sight!. 


Biw. 


FUL 


Beduoed 
Lefela. 


Diitanoe. 


BEMABKa 










112.73 


••• 


Mr. A.'8 B. M. 


8.23 


8.23 


•■■ 


0.00 


112.73 


230 


Edge of ditch 2 ft. deep 




9.40 


• a . 


1.17 


111.56 


250 


Over fence 




3.54 


4.69 


••• 


117.42 


•• . 


About 2 chains up fence 




7.86 


0.37 


•■• 


113.10 


700 


Fence 


• 


9.00* 


••• 


0.77 


119.96 


800 


Footpath 


6.74 


9.40 


■ •• 


2.66 


117.30 


9.50 






8.46 


••• 


1.72 


118.24 


12.00 


Up fence to brook, 2 ft. 6 in. 

deep 
Middle of lane x section 




4.26 


2.48 


*• • 


122.44 


12.35 




8.92 


••• 


2.18 


117.78 


12.60 


Over fence 




10.43 


••• 


3.69 


116.27 


... 


1 chain to right 




10.27* 


••• 


6.53 


105.43 


16.20 




1.93 


3.65 


• •• 


1.72 


103.71 


20.00 


Fence 




9.62 


•• • 


7.69 


97.74 


20.20 


Over fence 




12.35* 


... 


10.42 


95.01 


23.90 


On bank 


3.40 


6.57 


••• 


3.17 


91.89 


24.10 


In ditch 




4.33 


••• 


0.93 


94.08 


24.20 


Top of bank 




0.64 


2.76 


•• . 


97.77 


... 


Comer of plantation — left 




7.38» 


• • ■ 


3.98 


91.03 


26.50 


X section 


1.24 


5 96 


• • • 


4.72 


86.31 


32.50 






5.89 


• • . 


4.65 


85.38 


• • • 


2 chains to left 




6.52 


•.• 


5.28 


85.75 


34.00 


Edge of ha-ha, 3 ft. deep 




10.21 


... 


8.97 


82.06 


37.00 






12.84* 


••• 


11.60 


79.43 


39.30 


Fence 


3.67 


5.56 


* • ■ 


1.89 


77.54 


44.60 


Middle of road, x section 




11.81 
11.78* 


• . • 
• •• 


8.14 
8.11 


71.29 
71.32 


57.00 


Edge of pond 

To Mr. B.'s B. M. on lower 
hook of gate 


25.21 


66.62 
25.21 


lis 

4] 


8 73 
1.41 










41.41 


71.32 
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Example 4. 


Check levels from 


to 


'Bftdk. 

Sights. 


Fore 
Sightik 


BiM. 


FsU. 


Beduoed 
LoTels. 


Distance^ 


SBMARKR. 














line along the Bolton Boad 














from cfuial bridge 
At A from Mr. B?8 levels 










318.63 




14.71 


7.67 


7.14 


• • • 


325.67 








0.42* 


14.29 


••• 


332.82 




B. M. on lower hook of gate 


8.74 


2.12* 


6.62 


••• 


339.44 






11.45 


4.90 


6.55 


• « • 


345.99 




Opposite gate to house 




2.23» 


9.22 


• • . 


348.66 






1.21 


9.67» 


••■ 


8.46 


340.20 




On line, Doxbury branch 


2.08 


6.05* 


••■ 


3.97 


336.23 






0.78 


9.08* 


. • • 


8.30 


327.93 






6.18 


2.27» 


3.91 


... 


331.84 




Lane to left 


0.35 


12.75* 


... 


12.40 


319.44 




OpDosite cottage 
B. M. on milestone 


1.58 


9.41* 


••• 


7.83 


311.61 




0.19 


11.26* 


... 


11.07 


300.54 




Lane to form-house 


0.16 


7.45» 


• • a 


7.29 


293.25 






1.76 


8.13* 


*•• 


6.37 


286.88 






6.18 


11.62 


■ • . 


5.44 


281.44 








18.41* 


. • • 


12.23 


274.65 




B. M. at Mr. B.'s station 


55.37 


99.25 
55.37 










318.53 
43.88 




43.88 


274.66 proof 



Example 5. Cross sections. 



BMk 

Bights. 


Fore -D 
Sights. ' 


^ 


Faa 


Beduoed 
Levels. 


Distsnoe. 


BBMAB£S. 










263.65 








0.76 


3.45 


)•• 


2.70 


260.95 


100 








11.20* 


>•• 


10.45 


250.50 


300 






0.10 


10.50 


>• . 


10.40 


240.10 


500 


Centre of line, 240.10 






15.90* 


I*. 


15.80 


94.30 


700 






2.20 


5.60 


1 .. 


3.40 


90.90 


600 








8.00 


>*• 


5.80 


85.10 


800 








10.00 


»•• 


7.80 


77.30 


900 








12.75* 


!•• 


10.55 


66.75 


1000 
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Example 6. Levels from to 



JMbuoB, 


Btefl 


Badaoed 


7lHW«ff 

fluiHnntinn 


uinffAtt¥& 


0.00 
6.00 
6.60 
7.00 
9.00 


0.66* 
7.06 
7-81 
16.70 
9.98* 


9*8.67 
198.41 

90.09 
108.40 

ld7J9 
108.04 
116.96 
116.99 

109'.91 

••• 
119.16 
119.76 
106.64 


106J6 
106.79 

••• 
118.79 

••• 

118.71 
118J8 

••• 


B.M.fimlIr.A.'al«fdft 
B. M. top of 00^ 


9.60 

9.80 

10.90 

ILOO 


16.80* 

11.60 

10.76 

9.84 
9.80* 


Ifenoe 


11.60 


9.79* 
9.60* 




19.00 
19.60 
1S.00 


8.66* 

0.61 

0.00 

7.99* 


B. IL on sfciuBp of Ine 


0.00 
1.60 
9.00 


6.70* 

4.99 

1.86* 


109.89 

99!96 
95.36 

87.46 


11L94 

110.06 

98.86 


V. 8. « 97.96 
B.8.= 9.87 


9.50 
3.00 


0.67* 
10.10 
14.70* 


* Gross seeiimi 18.08 
Last reduced level 105.54 






3.80 


3.50* 
11.40* 


Proof 87.46 


13.50 


15.80* 
3.38* 


105.54 
07.96 

I3T.4O 
116.89 

167.66 
103.16 

104.38 
94.28 

122*.18 
91.16 


131.34 
131.56 

118.06 

108.88 

... 

106.98 

• • • 




14.00 
14.50 


13.60* 

0.16 

14.67* 


F. 8. = 84 32 
B. S. = 71.12 




1.17* 
10.40 
14.90* 




15.00 
16.00 


13.20 
Mr. A.'8 B. M. = 105.16 


16.50 
17.00 


5.72* 
4.50 
14.60* 


Last red. level = 91.16 
In&tmment 


18.00 
19.00 


12.70* 

15.20 

15.02* 


Off line 
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Example 7. Levels taken at Seacombe, prior to my design for 
the town of New Brighton, opposite Liverpool 



Dittaoee. 


Bteft 


Sadnoed 
Lefda. 


Kane of 
CoHimation. 


KBMARKS. 


129 
224 
326 
416 


3.32» 
7.04 
11.43 
13.08* 


... 

... 

... 

•■• 
... 

... 

... 


138.00 

• a. 
... 

... 

• a. 

... 
... 

• a . 
... 


B. M. corner of wall at gate 


480 
545 


0.89» 

4.04 

1459* 




790 


0.17* 
10.55* 


B. M. for eross section 


1050 


0.52* 
10.86* 


Fence 


1227 
1420 


1.52* 

6.21 

6.52» 




1720 
1740 
1800 


L59* 

7.79 

6.89 

13.90* 


B. M. for cross section 
Fence 


2100 


0.96* 
10.33* 




2300 
2472 


1.31* 

6.44 

6.38» 


B. M. for cross section 


2666 


0.75* 
9.09* 




2840 


0.75* 
13.01* 


Opposite comer of wall 


2900 
2980 


0.79* 

3.01 

13.02* 




3048 


0.04* 
13.84* 




3070 


5.35» 
17.25* 


Foot of well abore beach by qnarrj 


3150 


3.63» 
6.17* 


High-water line 



N 
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^MUnpU 8. First crow 


Bectaon from 2800 on first tttteL 


IMUM. 


Bteft 


L«f«lt. 


FkMM€f 
OoUlBatlOB. 


VnUMUL 


240 
270 


12J1» 
5.74 
0.80» 


••• 
•*• 

•«• 

• a. 
«•■ 

• *. 

• •* 
... 


6S.01 

••• 
••• 

••• 
••• 

■•• 

• •• 

... 

• •• 
... 




soo 

860 
. 410 


16.96* 
0.00 
2.00 

12.89* 


llopofoop 


600 
670 
760 
800 


7.61* 
2.00 

.16.00 
7.68 

17.48* 


Rollow 


867 

980 

1980 


0.00* 

4.46 

8.46 

17.98* 




1120 
1230 
1800 


a.66* 
6.46 

9.66 

5.42 

16.10* 


B.H.fiBaor8idliM44.tt 
tbpoTxiilge 


1400 
1515 

1760 
1990 


8.91* 
12.32 

4.50 
11.26 
13.31 
10.60* 


Foot of brow 

B. M. corner of road 


2180 
2550 


12.49* 

4.50 

15.23* 


Deep hollow 


2845 


2.57* 
4.71* 




2950 


1.17* 

5.78 
17.42* 


On top of brow 


2990 


6.75* 
16.12* 


B. M. beach on slate opposite battery 



Problem 10. 

See Exarnple 5. In taJdng cross sections there requires no 
alteration to the previous advice on levelling, it is merely a 
transverse section of a short length that is required ; and the 
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only matter of importance is to notice the crossing of the 
longitudinal section and the reduced level at that point, from 
which must be calculated the heights of the cross section, as 
shown in the margin. 

Frohhm 11. 

See Example 6. Introduces another method of keeping the 
level book No. 2. 

As before noticed, simplicity and conciseness in the book is 
most required for levelling ; there is but little to enter beyond 
the heights and distances. In this example there is one-third 
reduction of calculation as well as columns. 

The manner of proving the calculations is the same as the 
former examples by the back and fore sights ; it requires but 
little study to prove its superiority. 

The first column contains the distances ; that is of small im- 
portance, whether it be first or last. 

The second column contains aU heights that are taken from 
off the staff at one reading ; that is, back, fore, and interme- 
diate sights. 

The third colmnn contains the reduced levels from which 
the section is plotted. 

The fourth column is the plane of coUimation, commencing, 
as in former examples, with the fixed bench mark, and con- 
tinuing as the same, or a series of parallel proved lines, to carry 
on the further calculations. 

The fifth column is for remarks, sketching, &c. 

All the staff heights are entered into one column : the first 
or back sight, 0.56, is added to the given reduced number, 
105.16, and the amount is carried to the next column, called 
the plane of coUimation, 105.72 ; then all the other heights are 
subtracted from that number; the last height, 2.23, Avill be the 
fore sight. Then draw a line at every removal of the instru- 
ment, and proceed in like manner as shown by the example. 

The next removal : the back sight, 15.30, is added to the last 

N 2 
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leduoed number, 108.49, equal to 118.79, wbidi is cenied to ihe 
eolanm of ooDinitttioii ; to proceed tliraaj^oiit 

A croBB sectum lias been puipoeel^ mtrodnoed to ahoir Art a 
short line m/Lj be taken at the same time. 

As 7.22 was the last fine rig^t, the croeB aectkm prooeeding 
from that point, the inatniment is removed to a ccmrifltent dis- 
tance ; the aaeiatant holding a staff on ihe ssme pointy a back 
rig^t was taken at 5.70, which is added to the last reduced level 
105.54^ and carried to the next cohmm, 111.24^ aa befine; and 
so proceed. 

We now retam to the main fine: lOSJH^ ihe last xednoed 
level (that niunber in practice would be omitted), adding llie 
badk sig^t 15.80 to that nnmber, 121.84 is carried to the plane 
of colBmatiim ; and so proceed. 

To balance the hei^its and prove the last reduced ttomber, 
collect an the back sights togeiher, as 0.58^ 15.80^ Aa ; cast 
them np separately;. 

A1k> the fine sights in the like mamiflr, sabfraet the one 
from the other (as the case may be) ; if the product agrees 
with the last reduced number the book is correct 

Then proceed to cast out the intermediates taken on each 
remove of the instrument as in the former examples^ which are 
all subtracted from the last number in the plane of coUimation. 

In all cases show the working of the balance as in the former 
examples. 

Problem 12. 

See Example 7. Is a part of a course of levels taken over an 
exceeding rough country ; they are here introduced for practice. 

PLOTTING SECTIONS. 

Problem 13. 

By referring to the section, Fig. 3, Plate 29, it will at once 
show the manner a section has to be prepared for Parliamentary 
purposes. 
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The first thing is to draw a perfect straight line, as a datum 
line, which is a matter of the greatest importance and some- 
times of difficulty, notwithstanding its apparent simplicity. 
(See Plotting Scales and Straight Edge, Part V.) 

The whole accuracy of a section is entirely dependent on the 
datum line being straight. First set off all the lengths from 
the level book, taken from the column of distances ; then place 
a straight edge against the datum line, and with a set square 
draw in all the perpendicular lines from each length, on which 
prick off aU the heights from the reduced levels ; then draw a 
pencil line through each point, which will form the surface or 
ground line, noting particularly all roads, streams, &c. &c. ; 
then carefully draw a fine ink line, and insert from the book all 
necessary remarks, as roads, streams, &c. 

In like manner draw the cross sections, which are usually 
drawn to a larger scale. The manner of keeping the book for 
cross sections is shown by Examples 5 and 6. 

The gradients are then drawn to equalise the cuttings and 
embankments, as nearly as possible forming a series of ascend- 
ing and descending lines, also horizontal or level lines, aU of 
which represent the line of rails ; they are distinguished by a 
strong black line, the inclination being boldly ^vritten under- 
neath each, and the heights at each end. 

Tunnels, viaducts, and bridges must be very minutely de- 
scribed, as to the heights, the span, and mode of construction, 
with every other particular ; also the deviation of roads, 
streams, &c. 

Every cutting or embankment exceeding five feet must have 
the height inserted. 

PARLIAMENTARY PLAN AND SECTION. 

Problem 14. 

Fig. 1, Plate 30, represents the portion of a plan for a pro- 
posed railway, which must always be constructed strictly to the 
standing orders of the House of Lords and the House of Com- 
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moDS; a non-compliance to any of the rules therein stated pre- 
vents any further proceedings to obtain a bill for its construo- 
tJon during that session. 

There is very little difference in the plan than what has been 
already explained. 

The strong black line denotes the course of the proposed line 
of railwav, on which the miles and furlongs are correctly marked 
to agree with the section ; and the length of tunnels, which an; 
distinguished by a dotted Une. 

Curves less tlian one mile radius must have their radius dis- 
tinctly written. The two parallel dotted lines, called limits of 
deviation, usually about five chains eaeh aide the line of rail- 
way, are to show the full extent the powers of tlie bill extends 
to construct the railway, and any deviation in the course of the 
line may be made within those limits ; beyond that a fresh 
application to Parliament is required, provided the same could 
not be obtained by private contract. 

Fiff. 2 represents a portion of tlie plan upon an enlarged 
scale, showing a proposed diversion of road, so that it might be 
more distinctly shown. This plan also applies to clusters of 
buildings belonging to, or occupied by, sundry persons ; a 
number Ib required to be inserted to each, conceponding with 
the reference book prepared l^ the sdidtor to the bill, as also 
the parish and county bonnduies, the distmctidn of the pabli<^ 
tnmpike, and occupation roads, the deacription of -property^ 
numbering fidds, namea <^ fidda, occi:^ierB, owneza, leaae- 
bolders, &c. AH this latter part is the solicitor's duty. 

The surv^or's duly is to prepare an accurate outline of the 
properties, with all their details. 

Particular attention must be paid to the scales, and that th^ 
correspond with the sections. 

Problem 15. 
Fig. 3, Plate 30, represents the longitudinal section to the 
last described plan. The datum line must always be deter- 
mined from some well-defined point, and all heights are mca- 
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sured firom this line ; the mileage must also be shown to corre- 
spond with the plan. 

The heights of the gradients at each end must be legibly 
written, and the rate of inclination ; the lengths and heights of 
all tnnnels and viaducts, the last describing the number of 
arches and the span of each. 

All bridges over or under turnpike, public, or occupation 
roads, must be minutely described by their widths, heights, and 
approaches ; as also bridges over rivers, canals, streams, &c. ; 
the diameter of all culverts must be shown. 

Strict attention generally must be given to the standmg 
orders to secure the passing of a bill through both Houses of 
Parliament 

Fig. 4 are the cross sections of roads, chiefly showing how 
much above or below the line, and the alterations proposed to 
be made on the surface. 

Roads that are crossed on the level must be particularly 
described. 

The scales must also be inserted, describing them distinctly 
to the part they belong. 

Plans and sections must not be plotted to less than four 
inches to the mile. 

Enlarged plans not less than one quarter of an inch to every 
hundred feet. 

The vertical scale to sections not less than one hundred feet 
to the inch. The scales to cross sections and the horizontal 
scales not less than one inch to every three hundred and thirty 
feet; and the vertical scale not less than one inch to every 
forty feet, and extend not less than two hundred yards on each 
side of the centre line of the railway. 

And wherever the extreme height of any embankment, or 
the extreme depth of any cuttmg, shall exceed five feet, the 
extreme height over, or depth under, the surface of the ground 
shall be marked in figures upon the section. 

The construction of public roads, &c., see Gradients. 
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WOBXING SBOnOH. 

Fig. 1, l%ife 35« A wwldiig section is a definite praiie cf 



the ground taken at the centre of the line of lailwaj; it k 
usually plotted to two diains to the inch horasoiital^ and tfraoly 
or thirty feet to the indi TerdcaL 

The levels that are taken to form this section are termed 
permanent levels; the heists are taken at eveiy diain from 
the top of stumps that have been previously driven in as befoere 
described ; and every minuti» is particularly defined, sudi as 
the top of banks, depths of ditches, water-coursesi roada^ ptts, 
the middle and ddes of roada^ Ac The method of keeping l2ie 
book is predsdy the same as before shown by Examples 3 and 6. 

Perpendicular lines are drawn £rom the datum line to Ae 
surfooe at each chain. 

Parallel to the datum line two columns are drawn: one con- 
taining the heights firom the datum to the surfoce ; die othar, 
the heights and depths of the cuttings and embankments from 
the surface to the formation level — that is, the line below the 
surface of rails. 

In each of the cuttings or embankments are written the 
number of cubic yards, and numbered successively, and their 
slopes. (See Transverse Sections, Plate 23.) 

The heights of the cuttings and embankments should all be 
calculated from the column containing the same. 

The inclination of the gradients must be distinctly written, 
and the heights at each end. 

The datum line must be figured at each chain, furlong, and 
mileage, describing particularly the point or place the datum 
is fixed. 

Tunnels, viaducts, and bridges, are all to be minutely described, 
with their heights, lengths, &c., as well as all culverts, whose 
lengths are obtained from the plan and by the cross sections. 

Where the ground is undulating, numerous cross sections 
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must be prepared for the purpose of calculating the quantities 
by the rules hereafter described. (See Plates 23 and 40.) 

LEVELLING WITH A THEODOLITE. 

Problem 17. 

Fig. 4, Plate 29. Levelling with a theodolite is-more properly 
taking the angles of elevation and depression from one known 
point to another, or ascertaining the perpendicular, B F, of a 
right angled triangle, by measuring the angle, B A F, and the 
hypothenusal length, which has to be reduced to the base A F, 
and ikQ intermediate heights are obtained, similar to the former 
examples, by holding a staff at every change of height at C D E, 
and observing by the intersection of the cross wires in the tele- 
scope the number on the staff in a direct line to B. 

At every change of line, as B G, the operation is the same, 
only reversing the triangle, making B H the base and H B G 
the triangle, the line B H will be parallel to A F, and the line 
H G parallel to B F. 

The height of the instrument from A to I, or the centre of 
the telescope when levelled, must be added to B F, forming the 
parallelogram A F I K, then I K would be the datum line from 
which all the heights must be calculated. 

This method requires great accuracy, and the instrument 
very exact in all its adjustments. 

Having the distance and the angle accurately measured, the 
difference of level is calculated, thus : 

Add to the logarithm of the measured distance, the logarithmic 
tangent of the vertical angle, and their sum, rejecting 10 from 
the index, will be the logarithm of the difference of level, in 
feet and decimals (provided the lengths are measured in feet) ; 
if the lengths are measured by the chain and heights required 
in feet, add to the above logarithm the logarithm of 9.819544, 
which will give the number of feet and decimals. 

Figs. 1 and 2, Plate 40, represent two cross sections taken 
by the quadrant ; and in the same manner will the theodolite 
produce a section. 
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THS MOUSTAUr BABQKITXR. 

This mstroment ib used in meMorii^ lieighiB by the wmf^ 
of the atmosphere ; it was mreBted in 1643, hy ToniodlL 

There are vanons fomis of the barometer; Ae mmm hmik 
suited for meteorokgieal obsorvataoiis eonsbts of a tabe abosft 
38 inches in length, which is inir»ted into a smafi lesorvoif or 
dstem, and, in order to maintain the meiemfy in ^be dbtem 
always level, the dstan is constructed partly of ieadier, liial^ 
by means of a screw at the bottom, tiie surfiuse of tibe meremry 
in it may be so adjtttted as to have it always at the place ftom 
which the scale commaices. 

Some bar(Hnet»!B are f umidied willi a gauge or floaty tha% 
in great devations or depresrion, the observer may p^pceive 
wh^i tibe maxmry in tibie cistern sinks too low 6r rises too hi^ 

Hie wheel barometer cannot be trusted to for correct hdi^ta; 
it mfardy Aoyn i£ ^^ mercwry he m J, Jimng CT hmng BlBt^ 
It may ratlier be conndered as an ornamental piece of furni- 
ture than as having the slightest pretensions to a scientific 
instrument. 

For a full description and use of this instrument and the 
aneroid, see "Manual of the Mercurial and Aneroid Baro- 
meters," by John Henry Belville, of the Royal Observatory, 
Greenwich. Price Is. Published by J. and R. Taylor, Red 
Lion-court, Fleet-street. 

THE ANEBOm BABOMETEB. 

This instrument has lately been invented by M. Vidi, of 
Paris, for ascertaining the variations of the atmosphere. Its 
action depends on the effect produced by the pressure of the 
atmosphere on a metallic box, from which the air has been ex- 
hausted and then hermetically sealed. 

Some later improvements have been made by Mr. Dent, watch- 
maker, Strand. 
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ORADIENTS. 

Gradients are the ascending and descending lines of a railway, 
dividing the section, showing the natural surface of the ground 
nearly into equal parts ; the portion on the upper side of the 
line is called cutting, and the lower portion embankment. The 
earth is removed from one to the other, forming a level surface 
from one fixed point to another ; at this point either another 
gradient is formed, or it is carried on the side level to the datum 
line until it changes again at another fixed point. 

There is great judgment required in fixing gradients, such as 
economy in the earthwork and bridges, the limit of ascent and 
descent, and the restriction in the proper height for bridges 
over roads, rivers, &c. 

In the laying out of gradients public and turnpike roads 
command particular attention ; level crossings are to be avoided 
as much as possible, or they must be crossed 20 feet above or 
below them ; if then it is impracticable, the road has to be either 
raised or lowered to meet the level of the rail, as the case may 
be, and sunk to gain the depth required ; if it passes under the 
railway, the inclination of the approaches in the turnpike raised 
win be 1 in 30, and other roads 1 in 20. 

Problem 18. 

To find the rate of inclination of a gradient between two 
fixed points. 

Rvle. Divide the distance contained between the two points 
by the difference of the two heights, the quotient will be the 
rate of inclination. 

Nole. — ^The lenfftlis on the horizontal or datum line are usuall;^ divided into 
chains, therefore they most be reduced to feet, the same as the vertical height. 

Fig. 1, Plate 35. Given the length A B = 34 chains 45 links, 
or 2273.70 feet,, and the height from datum to A = 109.90 feet, 
and to B = 122.15 feet 

Thus : 122.15 - 109.90 = 12.25 -7- 2273.70 = 185, or 1 m 1S5 
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ProUem 19. 

To find the height at every chain finom the datum to the 
gradient. 

Bule. Divide the number of feet in a chain by die rate of 
inclination; the quotient must then be added to the lower 
^ven height if the gradient ascends, and subtracted from the 
greatest height if the gradient descends, as shown in tibe middle 
column, which, subtracted from the heights in the lower column^ 
wiU give the heights and depths o£ the cuttings and embank- 
ments shown in the upper column. 

Thus: 185 - 66000 = .S55 the dMimal to be added or tobtnoted 

Given the height at one end of tibe gradient, the rate of in- 
dinataon, and the length, to find the hdgfat at the othar end of 
the gradient 

Mule. Divide the given length Irjr the given gradient^ the 
product will be the difference between die two heights^ which 
add or subtract to the given height 

Thus : 2273.70 -^ 185 = 12.29 + 109.90 = 122.19 the height at B 
Or : 2273.70 -=- 185 = 12.29 - 122.19 = 109.90 ^ at A 

Problem 21. 

To find the rate of inclination in 1 mile. 
Bule. Divide the number of feet in a mile by the given 
gradient, the product will be the rate required. 

Thas : 5280 -H 185 = 28.540 or 28^ in a mile nearly 

Let the next gradient, B to C in Fig. 1, be cast through in the 
same manner. 

LAYING OUT A LINE RAILWAY ON THE GROUND. 

If the plan provided in the first instance is not truly accu- 
rate, it is indispensable that a fresh survey should be made 
before any other proceedings are entered into, as by it in parti- 
cular the lines and curves are projected, the quantity of land 
and the earthwork calculated, and the longitudinal section 
governed. 
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The line being careftilly drawn on the plan, the curves clearly 
described by their radius, and tangent points drawn, a tracing 
is ^ven to the surveyor to stake out the same. 

In the general observations of Part II. is described the most 
perfect method of ranging out a straight line, and the care 
required in chaining, which equally applies to this case. A 
stump has to be driven in the ground very truly in the line 
level with the surface at every chain, extending beyond the 
tangent points where required ; at the tangent points it is usual 
to put a stake on each side the regular one, to distinguish it 
from the ordinary stakes. 

The curves adopted to a line of railway are arcs of circles 
of different radii; some have the same arc inverted, others 
there are having two or more arcs combined ; all of which 
should have their tangent points accurately defined, that being 
the correct point of junction. Some curves are united by a 
short length of straight line between them. 

In laying out curves there are numerous obstacles to contend 
against, and they require different methods to lay them out. 
Under all circumstances they should be very carefully plotted 
to a larger scale; it will afford great assistance to the surveyor 
in his operations, and enable him to determine on the best 
method to adopt. 

WOODEN CURVES. 

The wooden curves are usually made to inches and half and 
quarter inches up to a very large radius ; amongst the many, 
there may be none to draw the curve required, which seldom 
happens ; when that is the case, it must be remedied by geo- 
metric construction. The following rule may be applied gene- 
rally. 

Problem 22. 

Fig. 7, Plate 29. It is required to find the radius to a curve, 
the tangent points B C being fixed, A B and C D the straight 
portion of the line. 

Erect perpendiculars to the lines A B and C D from the 
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points B and C, their intersection at will be the eentre^ and 
B and G the radius. 

Should the curye be required to go through a fixed point as 
at £y the iangart p<»nts must be estonded to B' and C\ and by 
the same ruk, as Hg: S4, Plate % the centre of the are wi& be 
found. 

TO LAT 0«T A UAOMAY OUBVl. 

Problem 2t. 

Fig. Ij Plate 31. The following method has been most exten- 
sivdy practised, requiring only the chain to form the curve; 
it 4»^^ ^LtiTrith pec^ coe, » «. erm «»: 
mitted in setting out one of tibe pcwnts will extend itself to 
every succeeding operation, and cause considanUe deviation 
from the true curve. 

The only calculation required is tibe first and second odbe^ 
therefore a table is unnecessary. This rule applies to all curves 
that are set out by this metihod. 

Given A B and C D, portions of the main line ; B and C the 
tangent points to be connected by the curve whose radius is 
40 chains. 

Hide. First reduce the radius and the distance into feet, then 
square the distance set off on the tangent line, and divide the 
quotient by twice the given radius, the product will be the first 
offset in feet and decimals, which multiplied by 12 will reduce 
it to inches and decimals. (See Table, No. 6.) 

Example 1. 

ch. ft 

40 X 66 = 2640 feet, and 2040 x 2 = 5280 
Then 66" = 43560 -7- 5280 = .825 x 12 = 9.900 the first offset 

Then twice the first offset will give the second offset, and all 
succeeding offsets to the curve required. 

As .825 x 2 = 1.650 x 12 = 19.80 inches, the second offset 

Having ascertained the first and second offsets, set out one 
chain from B to a, in line with A B ; then set off at right 
angles to A B the first offset a 1 equal to 9.90 inches, and fix a 
mark accurately on the point. 
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Then range out the line from B through 1 to 6 equal to one 
chain, and from b at right angles to B 1 6 set off the second off- 
set equal to 19.80 inches. 

With the last dimension 19.80, set off from every chain pro- 
duced in like manner every ofbet to the end of the curve. 

The objection to the above method, by the numerous points 
hanging on to so delicate an operation, may be easily remedied, 
and be a perfect check on the whole, by adopting the same sys- 
tem upon a larger scale, taking at least four times the distance 
at each operation, and filling up the intermediate spaces after- 
wards. 

In order, therefore, to arrive at perfect accuracy, it will be 

necessary in the first instance to calculate the lengths of the 

lines B F and B 3 F by the rule before given, which upon a 

larger scale would be considerable, whereas on the smaller scale 

it is but trifling, but will make considerable difference when 

repeated frequently. 

Problem 24. 

Fig. 2, Plate 31. To lay out a curve (with the chain only) by 
ofbets from the tangent. 

Range out the main lines A B and C D until the tangents 
intersect each other at E, and there fix a flag ; let B and C be 
the two tangent points, and the radius 40 chains. 

The first ofiset in this example is obtained by the same rule 
as in the former example, and all the ofisets are set off one 
chain apart from the lines B E and C E at right angles as 
before ; the succeeding offsets, 2, 3, 4, &c., are to be respectively 
the square, or 4, 9, 16 times the first offset; as, for example, 
the radius ^ven is 40 chains : 

ft. in. dec. 

a = .825 X 1 = 0.825 x 12 = 9.900 

b - .825 X 4 = 3.300 x 12 = 3 3.600 

e = .825 X 9 = 7.425 x 12 = 7 6.100 

d = .825 X 16 = 13.200 x 12 = 13 2.400 

e = .825 X 25 = 20.625 x 12 = 20 7.500 

/ = .825 X 36 = 29.700 X 12 = 29 8.400 

The ofisets on the tangent from E to C are precisely the 
same, only reversed. 



192 LAND AMD ENaDV£ERINQ SURflTIMG. 



The main line should be set off from tibe tangent point G at 
every chain. 

Although the last two offiiets//may not meet on the curve^ 
it is of no consequence, as tibe pcnnts obtained by tiie oflbets do 
not give the regular distance ci one chain on the cxxrwef which 
is subsequently done, as wiU hereafter be shown. 

When the curve is longer than ^ the radius tibe offiiets become 
v^ long, and subject to great inaccuracy; wh^i that is the 
case, the following example will be found more practicable. 

Noie.^iL oommon eroM Mt^-mndj a piece of boiid wiUi two sroofee out at 
right aagieey fixed OB a elioii staff— may be applied with ooneidenUe adfuftage 
in iettiog out kng olEwte. 

IVMem 25. 

Fiff. 3, Plate 31. Another metihod to lay out a curve by off- 
sets fiN>m its tangents, the exteusicm of tibe main line b^ig 
obstructed by buildings^ Ac 

The tangents B E and C E were found to be obstructed in 
their intersections at E by buildings^ or otherwise, too great a 
distance from the curve to set out the offiiets within the limits, 
it was therefore necessary to obviate these difficulties by intro- 
ducing other tangents, as F G and 6 H. 

The radius of the curve is 40 chains, or 2640 feet, and the 
angle at the centre 60 degrees. 

Having carefully laid down the curve on the plan and drawn 
the several tangents, the sides or lengths of each were proved 
by the following trigonometrical calculations. (Case 1.) 

As radius =10.000000 

: is to the side B* = 2640 . . . = 3.421604 
:: the tan. of the ^ at centre 15' 0' . = 9.428062 



: the length of B F 707 = 2.849656 

Then measure off the tangents B F and C H, and leave flags ; 
range out the line F G H and measure the same, leaving a flag 
at the centre G ; if the whole length measures 1414 feet, or 24 

* For conyeDicnee, the radius lines are not extended to the centre. 



TO LAY OUT A RAILWAY CURVE. 



193 



chains 43 links, the position and measure of the tangents are 
correct 

The radius being the same as the former example, the ofisets 
also will be the same. 

In all cases it is most advisable to set out and prove the posi- 
tion of the tangents before setting out the offsets. 



Problem 26. 

Fig. 4, Plate 31. To set out a curve by ofisets from a chord 
line. Radius 20 chains. 

The obstructions on the convex side of the curve prevent the 
preceding examples being adopted ; therefore, to obviate the dif- 
ficulty, the two following examples are substituted : 

Let B C, Fig. 4, be the curve to be connected to the lines 
A B and C D. (The tangent lines and offsets shown by dotted 
lines are merely introduced to show the method of obtaining 
the ofisets from the chord line.) 

In this instance, if possible, chain the tangent line out to E 
equal to 10 chains, and there fix a flag ; at right angles to E B A 
set off 165 feet as at 6, or 2.50 chains, and put up a flag. 

The method of obtaining the tangent ofisets is shown in the 
first example; the chord offsets are obtained by subtracting 
each height respectively from the greatest, or 165 feet, thus : 



Tangent 


Chord 


Tangent 


Cl 


'offaeta 


ofTscts. 


ofTsets. 


ofl 


ft. in. dec 


ft. in. dec. 


ft in. dec. 


ft. 


.1=1 7.80 - 


163 4.20 


No. 6 = 59 4.80 - 


105 


2=6 7.20 - 


158 4.80 


7 = 80 10.20 - 


84 


3 = 14 10.20 - 


150 1.80 


8 = 105 7.20 - 


59 


4 = 26 4.80 - 


138 7.20 


9 = 133 7.80 - 


31 


6 = 41 3.60 - 


123 8.50 


10 = 165 0.00 - 






in. dec 

7.20 
1.80 
4.80 
4.20 
0.00 



See Table, No. 7. 

Then at the tangent point B, at right angles to A B, set out 
the first half chord offset 165 feet to the point F, and proceed 
on regularly up to G; when the ground will admit of it, the 
fiag at the centre would be desirable ; at G set out the angle 
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FGi; eqoal to 60 degreeB; and agpm art off 166 fett to E, 
from which pcnnt measure off Ihe half chord to G ; . If the 
flag at G eaamd be w&sa from E^ aet oat the an^ 90 degrees 
(see Diagram); if required, Ihe carve may be oontiniied ; aome- 
timea half chord linea may be aet dot with kaa temble than 
the whole chord* 

JPS^. fi| Flat» SI. The method adopted in this example diflfera 
only in aetting out the whole chord by an an^ aiher from 
the tangent pdnt B^ equal to 80 dpgreea^ or Irjr. Ihe ang^ 
GB Ay equal to 150 degrees; theoffiMa are the aame aa before. 

The calcnlationa are made from the radiua of 20 chaina. 

The ang^ between the tangent and chord is «qa«l to half the 
ang^ at the centre in all caaea. 

If the curve haa to be continaedy plant the inatrament at G, 

and aet off the double anj^ equal to 180 d^greea. 

« 

Fig. 6, I^aU 82. To lay out a curve intercepted by a river, 
and other obstacles preventing the use of the chain, and sub- 
stituting two theodolites. 

This method has many advantages that is not contained in 
other examples, particularly on hilly or sloping ground, and 
where a wide stream of water has to be crossed, as in tiiis 
instance. 

The angles E B C and E B, as before stated, are regulated 
by the two radii, and the angle at the centre, that being double 
the angles E B C or E C B. These angles may be divided into 
any number of equal parts, as B a, B 6, C rf, C c, &c. See 
the 21st proposition of the third book of Euclid, that all 
angles contained in the same segment of a circle are equal to 
one another. 

The radius is equal to 20 chains, or 1320 feet 

The angles E B C and E C B are each 30 degrees, which. 
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for example, is divided into five equal parts, or 6 degrees 
each. 

Plant the theodolites correctly over their respective points 
B and C ; adjust the instruments and set the verniers to zero ; 
then direct both telescopes to E, the point of intersection of the 
two tangent lines A B and C D ; at this point clamp the lower 
plate, and bring the vernier to the first angle, equal to 6 degrees, 
whilst the other theodolite will fix the opposite angle at 24 
degrees, and so on to the two last points. When the verniers 
are brought to the respective angles, as at a, 6, c, &c., an 
assistant must be at those points with a pole, waiting the 
signals firom each of the telescopes, shifting the pole until both 
sights have brought it to the correct point ; this operation must 
be done to each of the points, and a stake driven down. 

If it be required to set out each point one chain, or 66 feet 
apart, the following rule will give the first angle, then the suc- 
ceeding angles are obtained by multiplying that angle by the 
number of times, as 1^ 26' by 2 is equal to 2"" 52', and so on. 

Therefore to find the angle so that the points in the curve 
shall be 66 feet apart (or any other distance), as by the follow- 
ing rule: 

Divide the distance by twice the radius, the natural sine of 
the quotient will be the required angle, or by logarithms, thus : 

Ab 66 feet -^ 2640 twice the radius Or, the log. of 66 feet = 1.819544 
equal to .025 = 1** 26' Radius = 10.000000 

11.819544 
Twice radius 2640 . . = 3.421404 



Siu. r25'-66* . . = 8.897940 

Problem 29. 

Fig. 7, Plate 32, is similar in its operation, having only one 
theodolite, and the angles are calculated in the same manner. 

The theodolite is planted at B, and set to the first angle ; one 
end of the chain is held fiist at B, the other end at 1 is strained 
out, and moved about, until by signals firom the instrument ; 

o2 
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the. line of vimon intenects the pole held at the end of the 
duttiiy which win be the tint pdnt; the chain b then moved 
on and held firm at this pcunt^ the other end at 2 waiting the 
aignah firom the instroment aa befiire. At all these pointa 
Ctakea mnst be fixed; so proceed to G, at which point place 
Ibe theodolite if the carve haa to be continned. 

« • • • 

This method haa similar olgectuma to Ihe first eocample^ ex- 
cept that by this the instroment overoomea difficoltieB which 
the diain could not 

■ 

• - ■ 

Fig. 8» Pfate Hi. To lay oat a compoand carvei 

This example ia introdoced to ahow the method of adopting 

two carves of difierent radii, and connect th^ 'with the proper 

tangent pdnta B and G. 
The carve BE haa a radivaof 40 diains^ and the^ang^.at 

_ _ _ ■ 

the centre 50 degrees ; theairve£GhHand|^ 
and the ang^ at the centre 18 degrees 80 nunutea, 

Aa on finrner examplcws the plan, dundd be consqlted, and 
the angles carefolly measared, so that the tangent pcunta B E 
and E may be minutely defined 

The lengths B a and a G may be correctly obtained by calcu- 
lation, as shown by Fig. 3*; the angle B a is equal to 64"" 30', 
therefore the angle B a E is equal to 129 degrees^ which may 
be set out by the theodolite, leaving a flag at the point E equal 
the length of B a. 

The o£&ets are calculated from the tangents as in Fig. 2, and 
if too long an intermediate tangent should be introduced, as 
shown in Fig. 3. 

The curve E C having a greater radius will require similar 
calculations, for the tangents E 6 and 6 C, as well as the oflfeets 
from them, all of which will come within the limits. 

To insure accuracy and prevent extra labour, it is better to 
fix all the tangents first. 

It frequently happens that several curves of different radii 
are combined, as in the following example. 
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The centre of every curve must always be fixed on the last 
radius, as at E O, Fig. 8 ; and supposing another curve was to 
join on at C, the centre of it would be on the line C F, and 
that portion of the line would form the first radius of that 
curve. 

Problem 31. 

Fig. 9, Plate 32. To lay out an inverted curve. 

Curves similar to this are frequently adopted, under many 
peculiar circumstances, to avoid some particular property, or, 
in an engineering point, to avoid a tunnel, &c. &c., and are 
sometimes of different radii. 

In this example the radii are the same, consequently one cal- 
culation answers for the whole, adopting the same rules as 
before given. 

A B and C D show the termination of the main lines, and 
the respective tangents carried out at a, 6, c, d. The centre of 
the curve E C is fixed in direct position with the line A B, the 
points B and c forming a perfect parallelogram, and the 
line E dividing it into two equal parts, so that the invert 
curve B E is the same in every respect as the curve E C ; the 
tangents and o£^ts will be the same also. 

Provided the ofisets to the tangents B a, a E 6, and b c are 
too long, the tangents ef and g h must be introduced, then the 
whole of the tangents wiU be the same, and require but one 
calculation. 

By referring to the diagram, it will be seen the curve c C has 
the same radius ; but its connexion with the tangent line C D 
having a different angle, changes the tangents at c c? and d C, 
and would require a fresh calculation. 

The preceding examples are carefully selected to meet the 
many difficulties or obstructions that are likely to occiu* in 
setting out railway curves. It must rest with the judgment of 
the surveyor as to the particular method most suitable to adopt. 

Too much care cannot be exercised in the operations. It 
must be borne in mind, that however careful the calculations 
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and obaervatioiui are made^ the plan bmig a paKfeek bvel 
aaxfiue^ some of tiie moat aaa^ diagrama aaj liave the 
wta^bat groand; thflsrefere it ia eapadient Ibat ^ tangent 
Ijnai and tangent points be fixod wiA nunnteneei^ attending 
ptftacokrfy to fonner iiistnictioD. in eludiiii« «d alMng 
the hypothenmal diffsranoa 

To find the lengdi of a corve^ aee Problem 6fi^ Part Lf miA 
TaUe,No.l6. 

Aa Tafle Na 6 oontuna the fiiat offiMa to tangientB abeady 
oaknlfltedy it will take but a amaU portion of time in the office 
to prepare a anfficient nnmber of calcnlatinna for the day'a 
operation ; and aIthoa|^ thare are Tery many naefid taUoB 
pgbKahed for aetting out zaihraj cnrTei^ if llie preoeding es* 
aniplea are canfolly attended to it w31 render ihoae talika 
nnneoeaMry. 

ov anrano our tbm wuym ov XiAhd bsquimbd 

lOB A BAmif AT. • 

The previous observationB were chiefly confined in directions 
to lay out the centre line of the railway ; that being done, it is 
then necessary to level the line again very carefoUy) taking the 
heights fi*om off each stake, which are then numbered conse- 
cutivdy throughout, corresponding to the mileage on the work- 
ing section, which are plotted fi*om these revised levels. 

Another book is then prepared from tiie above, in which are 
inserted tiie heights or deptiis of the cuttings and embank- 
ments, and the corrected half widtiis^ as will be hereafter ex- 
plained. 

When the ground is level there is no difficulty in setting out 
the widths from the centre line, as both sides are equal. 

When the ground is higher on one side of the line than the 
other, the widths from the centre are then unequal, therefore 
in setting out the width for an embankment or cutting, not 
only has their slopes to be considered, but the slope of the 
natural ground also. 
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Problem 32. 

Example 1, Fig. 1, Plate 33, represents the cross section of a 
cutting on level ground. 

A B is the horizontal line at right angles with the centre line 
of the railway, as at C (in this case it is the natural ground) ; 
C D is the depth or height of the cutting or embankment, which 
is constantly varying throughout the length of the line, and is 
governed entirely by the gradient, or lower line, as shown in 
the longitudinal section. Fig. 1, Plate 35, called the formation 
line or level 

In addition to the width of the cutting or embankment, as at 
6 H, there are always six feet on each side for hedge and ditch. 

E F, the base or formation level, is the same number of feet 
wide both in cuttings and embankments ; E G and F H are the 
slopes, which vary according to the nature of the ground, as 
-J-tol, Itol, 1-i-tol, 2tol, &c. ; sometimes the cutting is 
through rock, and the side made perpendicular, allowing, in 
addition to the formation width, 2 or 3 feet on each side for 
drains. In many cases where the ground is loose there are 
two slopes on each side, as l^- to 1, and 1 to 1. (See Fig. 5.) 

This example represents the most simple case that can occur. 
The half width of the cutting or distance from the centre C to 
G and H, the top of the slopes, are each equal to half the 
width of the base 16' 6*, added to the width of the slope of 1-|- 
to 1, equal to 30 feet, and 6 feet for the fence, as thus: 
16.6 + 30 + 6 = 52.6 ; therefore the whole width required at a 
cutting of 20 feet on the level will be 105 feet. It would be 
precisely the same for an embankment. 

When the formation level is prepared, a layer of gravel, two 
feet in depth (called ballast), is spread evenly for the reception 
of the permanent way. 

Problem 33. 

Fig. 2, Plate 33. To set out the widths of a railway cutting 
when the surface is sloping. 

Example 2. This example is more commonly met with in 
practice than the fonner. All the dimensions and sloi)es are 
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the same, excepting the alterations in their lengths, caused by 
the natural surface being on the incline, as shown by the lin c 
I K passing through the centre of the cutting at C, making the 
slope G E shorter, and the slope F H longer ; consequently the 
former mode of calculating the widths will not apply to this 
case. 

The following rule will ^ve the corrected widths of land re- 
quired for the cutting or embankment only ; to which must be 
added G fect each side for fences. 

At some convenient point wltliin the computed half width 
place the level staff, us at i, and measure vnth the tape from 
that point to the centre at C, along the surface of the ground ; 
also measure from the staff at that point the length horizontally 
to the centre, and enter both into the book. 

Then plant the level at an equal distance from the point * 
and the centre C, and observe the difference of level between 
C and i. 

Multiply the computed half widtli c C by the measured 
length i C, and reserve the product ; then midtiply the dif- 
ference of level h i by the ratio of tlie slopes, and that product 
subtract from the horizontal length h C, ■will give the divisor 
fbr the greater half width CH, and added to AC, wiH give the 
^maar for the leaser half vidth C 6 ; then divide die reserved 
pr^nct by ibe reiq)ective diviaorB, the qnotieDti wiU be tlie 
t^fiected half widths. 

The ratio of a dope is simUar to the hypotheoiue of a ri^ 
an^ed triangle and is governed by tbe iffoportioii ibs base is to 
the perpCTdicular : as 1 to 1 the base and perpendioolar would 
be equal,' if l-}^ to 1 the base would be i more, if 3 to 1 the base 
would be double the perpendicular, and so on. 

The computed | width C e = 4^.6 x C t 39 = 1486 nserred prodnct 

The aloping leuRtb . C > = 33.0 

The horitontal IcDfcth Ci = 31.6 

llie difference of IctcI i i s 5.0 x slope 1) = 7.6 



Di = 3!:! iJJ^It:? }*'"»*'">'""" 



Tbeu U8S ~- !4 = 62 tbe length C B 
„ 1488 -T- 33 = 39 the length C Q | 
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The manner of plotting this section is as follows, either for a 
cutting or an embankment : 

First draw the centre line, at right angles to which draw the 
line E F and set off the width of the base ; from D set off the 
depth of the cutting, and draw the line A B ; by the protractor 
plot the angle or angles of inclination, taken at the centre C, 
and draw the surface line I K, intersecting the two slopes at 
G H ; then will G E F H form the cutting or embankment. 
This method by geometric construction will be found truly 
correct if drawn to a large scale ; the half widths are then mea- 
sured from it by the scale. 

Or by the above calculation, having plotted the base and 
slopes, indefinitely, from C, with the distance C G and C H, 
describe arcs intersecting the slopes at G and H. 

Table No. 12 will greatly assist in plotting longitudinal and 
cross sections. » 

Problem 34. 

Fig. 4, Plate 33. To set out the widths when one part is in 
cutting and the other part embankment. 

Example 3. The line A B shows the horizontal line as before. 
I K the natural surface of the ground, C D the height of the 
embankment, E F the base or width of the formation level 
33 feet, G E a represents the embankment, a F H the cutting, 
the slopes 1-|- to 1 each side. 

This figure frequently occurs, and will require two calculations. 

First. For the length D G, apply the same rule as the last 
example. 

The computed ^ width = ^ D = 19.5 x G C 38.5 = 750.75 reserved sam 

The 8ur^ length . = GG = 38.5 

Tlie horizontal length = G r = 36.5 

The difference of level = e d =z 13.0 x slope 1| = 19.5 

Then 366 - 19.5 = 17 — 750.75 = 44.16 the half width G C 

Second. For the length D H. 

Ride. Multiply the half corrected width G C by the difference 
of the width of the formation level E F and the estimated half 
width 6 C, and divide the last product by b C. 
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Corrected half width G C = ti.U 
Formation level . . E F = 33. - i C 19.5 = 13.5 
Then 4*,16 x 13.5 = 590.100 -^ 19.5 = 30.52 the half width DH 

To find the length from C to a. 

Multiply the length d C = 38.5 by the depth C D = 2 ; divide 
that product by c d= 13, the quotient will be the length re- 
quired. 

As 38.6 X 9 = T7.0 -f- 13 = 5.8 the !eaglh Ca 
Jfote.—Wiicn llie line 1 K pwse* through the point B, or rentre of the forma- 
tion level, the cuttbg and emUuitmciit are then equal to oue aootiier. 

The preceding rules to calculate the correct widths are ex- 
tremely useful to test any portion tliat may appear doubtful. 

The following m the fonn of the book to be used in setting 
out the cuttings and embankments : 

WIDTHS OF LAND. 



1 




1 


Comcltil 1 widths to 

8d«oft;iittinK,or 

lo Pool of Embuili- 

manl. 


iiii 


AnclM or 


l>e^Tlt7. 


1^ 

5^ 


1 


North. South. 


Harth, 


Sooth, 


437 

43S 
439 


17.50 

15.03 
6.50 


48 75 
33.03 
80 35 


BUBINKMBHT. 

53.30 34.60 104.80 
4755 33.60 93,15 
30.00 21.25 60,25 


I'O iV) 

75 
4 25 


fotio 

5 7S 
3 20 


feet. 
66 

66 
100 


440 
441 

m 

443 


1.60 
4.80 
5.65 

0.80 


18.75 
33 70 
24.83 
26.70 


CDTTINGB. 

18.75 18.75 49.50 
21.80 26 35 64.15 
23.40 27 DO 62.40 
25,00 20.20 66.20 


2 50 

3 60 
3 00 


Level. 

2 50 
a 50 

3 00 


150 
75 
100 



Tlie first oolanm contftiiiB the naxober of the Btonqie corre- 
sponding to the nuleage on the [dan and section ;, l9ie second 
column contaios the deptlis of the cuttings and the h^dits of 
embankments ; the third colunm contains the confuted half 
widths, calculated &om the second colunm and the g^Tcn ratio 
to a level surface ; the fourth and fifth columns contun the 
corrected half widths of cuttings and embankmenta ; the sixth 
colunm contains the whole widths of the land required, in- 
cluding the fences ; the seventh and eighth columns contain 
the angles of acclivity and declivity of the ground each side of 
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the line ; the last column contains the length in feet from the 
centre line to the staff, right and left, taking the same length 
each side. 

There are many forms of books and systems used for the 
purpose of setting out widths. Some have as many as seven 
colunms devoted wholly to levels : as centre, north and south, 
their differences, rise and fall, and differences of level multi- 
plied by ratio. 

It is quite evident that some method must be adopted to 
obtun the natural surface line ; the level alone will not give 
the correct width without calculation, nor the calculation with- 
out the level, or some other method of ascertaining the point of 
intersection with the line of slopes and the slanting surface of 
the ground. 

After the permanent levels have been taken and computed, 
and the centre line staked out and numbered, the three first 
colunms must be copied into the last described book of widths. 

The surveyor then proceeds to take angles of the inclination 
of the ground throughout the line, wherever the ground 
changes, which are entered into the columns north and south, 
opposite the respective number in the first column. When 
these angles are plotted on the cross sections, the accurate 
widths may be measured by the scale, and also the quantities 
of earthwork correctly estimated. 

The theodolite is the most perfect instrument that can be 
used, but where angles are not required to be taken with ex- 
treme accuracy, a more portable instrument will answer the 
purpose, such aa the improved quadrant, as described in 
Part v.. Fig. 1, Plate 37. 

Cross sections may be taken at every stump if required, the 
staff being held up at right angles a short distance both sides 
the main line, and for convenience the distances may be mea- 
sured by the tape. 



PART IV. 



CALCULATrNG QUANTITIES GENERALLY 
FOR ESTIMATES. 



The first great item of expense in the conatruction of a rail- 
way is the land, which is generally valued as accomraodation 
land, consequently it will be a much higher price per acre than 
would be fixed if it were a purchase of extent. Another consi* 
deration is alwaj-s aduiitted in the value, that is, for severance, 
notwithstanding that provioon is made to compel a campaay 
to take more land than required when reduced to a certain 
amall quantity. 

The metiiod c^ aBcertuning the quantity has already beoi 
described. 

The land, timber, and bmldings are valaed to the luidlonL 

The tenant baa daims for loss c^ land and otlier oonmdera- 
tione^ particnlarly if he be a leaseholder. 

Both of whom have a right to demand firae and unintermpted 
ways to the lands divided by the railway, by the construction 
of occupation roads and bridges. 



BARTHWOBE, OTHEBWISB CUTTINGS Aim SHBANEHENTS. 

The next great items of expense, in some instances, are very 
heavy, particularly in a rough country, where numerous 
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bridges, viaducts, and tunnels have to be erected ; the latter of 
which is subject to many unforeseen difficulties, thereby in- 
creasing the expense, particularly where land springs or quick- 
sands occur, although every precaution may have been taken 
to ascertidn the true geological strata. Tunnels also consi- 
derably increase the expense, by the numerous shafts required 
when in deep cutting. 

The quantities of cuttings and embankments are usually cal- 
culated by tables, of which there are several publications by 
M^Neile, Bidder, Law, &c. &c. 

These tables are adapted chiefly to cases where the ground is 
level ; the quantities obtained from them are correct ; but when 
the ground is slanting they will not produce accurate quantities. 

It has before been noticed, that when the^ surface is very 
irregular it is highly necessary to take numerous cross sections, 
so that at every change of ground the areas may, by mathe- 
matical rules, be obtained with an approximation to truth, and, 
in many instances, in much less time and trouble than by the 
tables. 

In all rectilineal excavations, such as trenches for founda- 
tions, sewers, &c., or any other regular figure, the common rule 
will produce accurate quantities ; as. 

Multiply the length by the thickness and the product by the 
breadth ; if the dimensions are taken in feet, to reduce it to 
cube yards divide the product by 27. A cube yard of earth is 
equivalent to a load. 

This rule is only applicable to such cases where the whole of 
the sides are parallel to each other ; when the cutting or em- 
bankment is dificrent at each end, it affects the widths of the 
slopes, but not the Mridth of the middle part, and therefore re- 
quires a different calculation to the former. 

It is the opinion amongst many that., by taking the mean 
depths and mean widths, the correct area is obtained ; where 
the difference is great, the error will be considerable in pro- 
portion. 
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In order that this subject may be useful to all capacities, 
particularly to those who are not studied in algebra to compre- 
hend the rules ^ven by fonnulaB, &c., the different rules are 
calculated arithmetically, aliortened only by algebraic symbols. 

See Explanation to Tables, page 212. 

Problem 1. 
Fig. 1, Plate 33. Required the content of the cutting or em- 
bankment G E F H ; the depth 20 feet at both ends, the base 
E F 33 feet, the slopes G E and E F H to 1, length 66 feet 
By the Table No. 5. 

2^1 iO = 48.8S X 33 = 1613.04 = a, 6. SF 

j jo \ Z lis ] = '^^ = G.E «a H bF 
3079.69 cub* jards 
^ole, — The same figaie iDTerted would be an onibankiiient. 

Problem 2. 

The same by the rectangle G K A F. 

By Mensuration. (See Problem 76, Part I.) 

By this, it will be obsen^ed, the slope G E forms the diagonal 
of the nx^aug^ G, a, K £ ; ^m width <^ which is added to 1^ 
rectangle a, 6, £, F, the two being eqmd to the whole csMing. 

* F W X E f 03 X kngtii 68 « SnW -i- 17 = sow.!' «Ab judi 

The aome hy the tnangle 6 1 H. 

Prodace the dopes G E and H F, intonectiiig each other at I, 
forming the triangle G I H ; find the area by ProUem 77, 
Part I^ and multiply it 1:^ the leDgth. Li like m^tuner fii^ 
the area of the triangle E I F, and multiply by the same length, 
which deduct from the former ; the remainder will be the con- 
tent of the cutting G E F H. 

OiTen H = 93 feet, C I = 31 feet 

„ E F = 33 „ DI = ll „ 

93 X I per. 1S.5 = 1441.5 x 66 = 96139 -r 

SSxJper. 6.6= 181.6x66 = 11979-=- 
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Problem 4. 

Or take fix>m the table the number opposite the depth for 
the perpendicular, add to which one half, the sum will be the 
number of cubic feet. 

3J 1 62 = 23490 + 1174.5 = 3523.50 = G I H 
JJ J 22 = 295.77 + 147.89= 443.89 =E IF 

3079.61 cube yards 

Note. — This rule applies only to eases where the depth of cutting is the same at 
both ends. 

Problem 5. 

To find the perpendicular D I when not given. 
Divide half the base E F by the ratio of the slopes. 

i the base = 16.5 -7- U = 11 feet 

Problem 6. 

The same by the wedge. (See Problem 106, Part I., and 
Fig. 9, Plate 7.) 

Supposing the same cutting to be calculated as a wedge, de- 
ducting the triangle E I F, the remainder will be the content. 

Given H G 93 feet, length from C 66 feet, length from I 66 
feet, perpendicular C I 31 feet. 

^"•^ I C66 +132 = 198x0131 = 6138XHG93 = 570834-=- i = 95139 = HGEF 
And"*. C66+132 = 198 X D 111 = 2178 xEF 33 = 71874 -j- i = 11979 = EI F 

Then 95139 - 11979 = 83160 -=- 27 = 3080 cube yards 

Problem 7. 

Fig. 5, Plate 33. To find the content of the cutting F A C D B E, 
the two sides having difierent ratios of slopes, and the same 
depth at each end. 

This cutting will require to be divided, casting each slope 
separately by any of the preceding rules. 

Giyen C D = 33 feet, H I = 20 feet, and slopes A C and D B 1 to 1 
„ A B = 73 „ I K = 15 „ and slopes F A and B E 1^ to 1 
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By the tables. 

2Q i W = 4S.88 X 33 = 1013.04 + slopes 1 to 1 = 977.77 = 2590,81 = A B C D 
Ig 1 30 = SG.S6 X 73 = 3a7fl.l8 + „ IJ to 1 = 895,00 = 3501.18 = \ B E P 

6001.09 cube jarda 
For practice, calculate the rectflogles F L M B and A O N D. 

Proble/n 8. 

Fig, 3, Plate 33. To find the content of a cutting, the slopes 
on one side 1^ to 1, on the opposite side 1 to 1, base 30 feet, 
depth at each end 20 feet 

First calculate the triangle C G (/, deducting the triangle 
D G c. Then the triangle F H rf, deducting the triangle H E c. 
From the table, opposite 60, take out the number m the third 
column, to which add one-half the same for the small triangle 
D G c, which deduct from the triangle C G (7, the remainder 
will give the content of C D c rf ; in like manner proceed with 
d H F, add the two sums together and take half. 



' 30(^ = 3300 +1100 =:3300.00 = CDi 
10 [ aO = 244.4* + 182.23 = 3C6.G6 = D G e 

smu=CD«/ 



^* 660.«) = HIc 

SMi.UGD«/ 



;6}=3o=6hi; 



Tbea HUM + »S8.S4 »= SS77.78 -i- S 

= 8688.89 oobejante 



^. 3. The same by the rectangle a b/e. 

a « 6S X J iO X 66 = 78600 -^ S7 = S689 onbe yards 

Problem 10. 
Fig. 1, Ph.te 33. To find the content of a cutting, the depth 
at one end 20 feet, the opposite end 10 feet, the base 33 feet, 
slopes 1^ to 1, and length 66 feet. 
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By Table No. 5. 

g[80 = 660 +275 = 826.00 ) 866.65 
Diff. 10 = 20.37 + 10.18 = 30.56 j 



20 

> ou = ou.uo A. oo =: 

2066.25 



^Q J 30 = 36.66 X 33 =1209.70 



Problem 11. 

jFS^. 4, Plate 33, represents an embankment and cut&ig. 

In estimating the quantity of earthwork from the longitudinal 
section, this would be calculated only as a two-foot embank- 
ment, the surface line I E being intersected by the centre line 
at C; but when the cross section is plotted, it will show a 
cutting and embankment of unequal quantities. 

Cutting. 
i per. 1.125 X 23 = 25.776 x 66 = 1701.15 -=- 27 = 63 cube yards 

Embankment. 
i per. 4 X Gff 57 = 228 x 66 = 1504.8 -h 27 = 577 cube yards 

Problem 12. 

Fig. 2. To find the content of the cutting G E F H, the 
depths at each end 20 feet, base 33 feet, length 66 feet, and 
slopes Ij- to 1. 

The side-laying surface I K intersects the centre line of rail- 
way at C, consequently, in taking the dimensions from the 
longitudinal section only, that portion of the cross section 
CdH. is omitted, and C G c will be taken in excess ; in this 
case, a dimension taken in the centre and calculated by the 
table would be erroneous, therefore measure the height F g and 
calculate G L E F by the table, and the triangle G L H by any 
of the previous rules. 

For proof, calculate the rectangle Gfg F, and the triangle 
GLH. 

The triangle G I H by mensuration. 

GH = 100 feet, andO I = 31 feet 

100 X i per. 15.5 = 15.500 x 66 = 102300.0 -^ 27 = 3788.80 

Deduct tlic triangle E I F = 444.00 

G E F n = 3344.80 
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The triangle G L H by mensuration. 

GHIOO X i per. 6.00 = 606 x 66 « 89600.0 -h 87 = 1466.00 

ThetrapeadumGLEF. 

14 ^ } ^-^ - ^^' ^ ^ • . . =: 1149.39 
Slopes Ulo 1 rs 496.6S + 948.96 . =: 74478 

1894.17 
- AddtriaiigleOLH . . . ^ . . .\4MM 

8360.17 »OfiFH 

PrMemlZ. 

. liff. 5. The cutting rep ro aented hy AGDBEia of efual 
dqi&8 at both ends, tiiie abpea A G and D B, 1 to 1, and dw 
dope B £, li to 1, the base 88 feet^ and length 66 feet 

This example differs from liie fermer, having two dopes on 
one dde <^ different ratios ; it requires two calculations^ which 
may be varied by any of the preceding examplea 

ne topennm A B G D. Ihetrieiii^ ABS. 

^l4O.00s48.88 X 33 s 1613.04 AB98 X 1 per. 5 J(.x 66 as 36574 -r 97 » 1317.5' 

Slopes 1 to 1 .... 977.77 

8590.81 = A B C D 
1317.66 = A B E 



3908.36 = A C D B £ 

Problem 14. 

Fig. 6. The ground in this example falls from E to A and 
from A to a ; the depth of cutting at one end is 20 feet, at the 
other end 10 feet ; the base 33 feet, length 66 feet, and slopes 
li to 1. Width of A E 115 feet, ae Id feet, the perpendicular 
F G 36.5 feet, and/^r 25.5 feet, H B 11 feet, and A 6 8 feet. 

The trapezium A B C D and abed are calculated by Table 
No. 5. 

^Q 1 30 = 36.66 X 33 . . . . = 1209.78 

Slopes 550 + i 275 = 825.00 

DilTercnce 10 = 61.11 + i 30.55 . = 91.66 



2126.44 = ABC D 
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The triangles A E B and a ^ 6 are calculated by mensuration. 

115x5^x66-^27 .... =1546.1 =AEB 
79x4.0x 66-^27 . . . . = 772Ar=ae6 

i) 2318.5 



1159.25 

2126.44 = A B C D 



Total nearly. . = 3285.69 

Problem 15. 

Fig. 7, PkUe 33, represents a longitudinal section with the 
divisions for each separate casting; the lengths of each are 
figured on the line A B, representing the formation line ; the 
heights are also figured against the vertical line, measured from 
the line A B to the surface line. The line C D represents a line 
drawn fix>m I (lon^tudinally), the point of intersection of the 
slopes, as shown in Fig. 1, the depth of D I. When the calcu- 
lations are taken by the triangle, as G I H, the triangle E I F 
is deducted ; therefore, if the whole length of a cutting is so 
calculated, then one dimension need only be taken for the de- 
duction, BsCaDij Fig. 7. 

The heights shown on this section refer only to the annexed 
form of keeping the book for calculations taken from the Table 
No. 5. 

Earthworks for Parliamentary estimates are calculated from 
the same tables, and from a similar section which represents 
the central line of railway, without reference to the nature of 
the ground, which, in many cases, is side-lajdng, consequently 
the quantities cannot be correct. 

Before the operations to form a railway arc commenced, a 
truly perfect section is made to a larger scale, as sho'wn by 
Plate 35, and cross sections are taken at every chain where the 
ground is hilly, and by that means an accurate quantity is ob- 
tained, as shown by the last examples. 

The tables will only give accurate quantities where the 
ground is regular ; beyond that, other calculations upon mathe- 
matical principles are used. 

p 2 
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EXPLANATION TO TABLE NO. 5. 

The numbers in the first column are the sum of the two 
heights taken at the end of each division ; the second column 
are the heights added together ; the third column are the cube 
yards of the middle portion of the cutting, equal to the width 
of the base, taken in lengths of 66 feet and 1 foot in breadth. 

Note, — ^The decimal points for the middle part and slopes are taken from the 
table annexed. 

Cakulatians to Fig. 7. 

Provide a book in the following form : first enter the several 
heights in the first column, and the sum of them in the second 
column ; then look for that number in the table, against which 
take out the quantities in the two next columns and enter them 
in their respective columns in the book. 

Where any difference occurs in the two heights as first taken, 
enter that number in the fifth column, and the difference in 
cube yards in the sixth column. 

CUTTIUO No. 1. 



Depthiia 
feet. 


1 
a 

OQ 


Middle cube 
yards. 


Slopes 1 to 1, 
cube yards. 


p— ' Difference in 
^ feet. 


Difference in 
cube yards. 




Middle cube 
yardM. 


St 

ll 

00 ** 


Difference, 
cube yards. 


A 


10.0 


12.22 


61.11 


20.37 


1.0 


12.22 


61.11 


20.37 


i8 


20.0 


24.44 


244.41 


• • • 


• • • 


2. 


48.88 


488.88 




is 


30.0 


36.66 


550.00 


10 


20.37 


2. 


73.32 


1100.00 


40.74 


H 


48.0 


58.66 


1408.00 


8 


13.04 


2.60 


146.65 


3520.00 


32.60 


Jl 


62.0 


75.77 


2349.11 


6 


7.33 


2.80 


212.16 


6577.51 


20.52 


« 


62.0 


75.77 


2349.11 


6 


7.33 


1.70 


128.81 


3993.49 


12.46 


H 


44.0 


53.77 


1183.11 


12 


29.33 


2. 


107.54 


2366.22 


58.66 


V 


16.0 


19.55 


156.44 


16 


52.15 


1.50 


29.33 


234 66 


78.23 




758.91 


18341.87 


263.58 


















263.58 





18005.45 
9302.72 



27908.17 
758.91 X 33 = 25044.03 



? 




the middle 
portion 



Cubic yards . 52952 20= i ^^'^^H^ 



( cuttiiip: 
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The length of each division is entered in the seventh column ; 
the table thus far is dispensed with. 

Now multiply the second, third, and fifth columns by the 
lengths, and enter the products in the three last columns ; add 
them up ; multiply the first total by the base, as shown ; add 
the second and third totals together, which give the slopes 
of 1 to 1 ; if the slopes are more than 1 to 1, increase that 
ratio to the given ratio ; bring all the totals together, the sum 
will be in cube yards. 

TUNNELS. 

Tunnels are avoided as much as possible, but when the 
ground rapidly increases in height, the open cutting is not con- 
tinued beyond 50 feet in depth ; and, although tunnelling is a 
very heavy and uncertain expense, it is in many instances the 
most economical method of continuing a line of railway. Where 
the tunnel is of great length, it is necessary to sink shafts into 
it, which answer, in the first place, for the working during the 
operations, and eventually as a ventilation. 

The greatest possible care is required in setting out the line 
and taking the levels to form a correct section. In a straight 
tunnel there is no difficulty in setting out and proving the 
course of operations. It is otherwise when the tunnel is 
curved, being similar to that of mining. 

The working shafts are generally 8 or 9 feet in diameter, and 
the air shafts about 3 feet in diameter. 

Problem 16. 

To find the quantity of earthwork. Fig. 1, Plate 34. 

First Calculate the rectilineal part by the rule. (Prob. 100, 
Mensuration of Solids.) 

Second. The semicircular part by the rules of areas of circles 
and segments. (See Tables, Nos. 8 and 15.) 

Required the content of a tunnel of the following dimcn- 



msmBz Length 10 duina, widtii 86 feet, and 15 feet to the 
qtringing c£ aeaa-veck, diameter of mil 86 feet. 

Then 60B.M X «0 = SS6M0.40 = tha •« of Kmi 
660 X » X U = 36S40D + SUMO 40 -^ if = BSUO note TV* 

To find the area of the mmi-ardi hy the taUe, take the 
nmobeT opporite 86 « 1017.8 •»- S ^'506.9 «i1he send-ardu 
Reqnired the content of « durft, diametar 8 feet, dqith 15. 
8 X .78U X U >t fn.9e 4- ir - M nbo jak 

SaiCKWOSK. 

Brv^wotk also foima another connderable item in the eRt»* 
mate ci a rulway, by the oombmction of tonndo, bridge^ -mir 
diusti^ retaining walls, calverts, drains, statkou, lodges, &o. 

In London and many other pboe^ l»ickworfc is calculated by 
the xod of 272^ snpeificial feet Qn practioe tiie \ b not used). 

A^ thickneasea d woik is reduced to 1-|^ brick, and then it 
is ledooed to rods by dividing the total by S72 ; 306 cube feet, 
or 11-|- cube ^rds, are equal to one rod of reduced brickwork ; 
to bring it to the standard thickness, multiply by 8 (the num- 
ber of !■}■ inches to a foot) and divide by 9 (the number of 1 j- 
inches in a brick and a half, or 13f inches). 

En^eers always calculate brickwork by the cube yard. 
According to the London practice there are numerous items 
allowed in the construction of works, for which consult the 
Builders' Price Book. 

In abstracting quantities, care should be taken to separate 
every distinction of work, as each will have a different price 
per yard, such as bricks set in mortar, and other parts in 
cement. Table or weather bricks, being of a different quality, 
should also be separated ; arches in particular, whether cir- 
cular, segment, or groined. 

The dimensions are entered into the measuring book and 
squared, therefore each product will either be in square feet or 
cube feet ; they are then abstracted into separate columns under 
each particular work, and their totals reduced to square yards 
by dividing by 9, and to cube yards by dividing by 27. 
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Plans, devatioDS, and sections must be accurately drawn, and 
the several dimensions figured therein, as shown by the draw- 
ings, Plate 34. 

The following is the form of the dimension book : Column 
1 contains the number of times any dimension is repeated; 
column 2, the several dimensions of each part ; and column 3, 
the content of each part when squared. The margin is for a 
full description of the several parts, as thus : 

Required the quantity of excavation and brickwork of the 
tunnel, Fig. 1. 





86.0 

15.0 

660.0 


13200. 
11759.18 


Width 
Height 
Len^h 

Diameter in arch 
Length 

Cube jards 


Abstbact. 




WftUa 

in 
mortar. 


AichM 

in 
mortur. 






35.0 
660.0 


14.0 
116.4 


33.0 
83.0 








24959.18 


130.4 


116.0 






7.0 
2.0 


14.0 


Spandrella 14.0 

Invert arch 33.0 

Side walla 

Ditto 

Ditto 

116.4 
Arch (semi) 

Ditto, ditto 

83.0 




rhiKA ««^Mla 




1.6 
-22.0 


33.0 


130.4 X 600 = 8G020-h27 = 3185.92 
116.0 X 600 = 76560-7-27= 2835.56' 

Excavation = 24959.18 


2 


4.4 

4.6 


39.0 
42.8 
34.8 




2 


5.4 

4.0 




2 


5.4 
3.3 




2 


10.0 
2.3 


45.0 
38.0 




2 


9.6 
2.0 









Problem 17. 

Required the content of two shafts, each 8 feet in diameter 
inside, 14 inches thick, and 15 feet deep. 

In measuring arches the mean diameter must be taken ; there- 
fore the diameter would be 8 feet 7 inches. 

8.58* X .7854 x 16.0 x 2 = 1735.80 ^ 27 = 64.25 cube yardb 



S16 



¥iffL 8, ft, 4, and 5, Plato M, npoKut the 
and Motions of an anih car bridge ^ ra^nired thi 



plan, elevation, 
! content. 





1S.0 
6.0 
3.0 


S64.0 
793.0 
120.0 

660.0 
646.0 
10S.O 
116.0 
640.0 
306.0 
788.0 
560.0 
368.0 
181.0 
122.0 


to founu&tion 
Ditto 

Ditto 

Ditto, sidn 
Ditto, bnttreM 
Ditto, pilasters 
PUnttia in cement 
End walls, mortar 
Ditto ditto 
Ditto ditto 
Ditto ditto 
Ditto apandrcUs 
Ditto, from wjJU 




4.6 
4.0 
1.3 


90.0 
240.0 
190.0 

19S.0 
609.0 
30,0 
62.8 
704.0 
1102.6 
1173.0 
113.0 
157.6 
147.0 
1440,0 


Piluter* 




ea.o 

6.0 
3.0 


12.0 
4.0 

1.3 


Ditto 




4.0 
5.0 
3.0 


9.(1 
4.0 
1.0 


Dilto 




11.0 
6.0 
S.0 


4i.O 
1.6 
1.6 


Pm^U in oemedh 




21.6 
6.0 
3.0 


43.6 
3.0 
1.2 


Ditto ditto 




to 

4.6 
8.0 


4.0 
1.6 
1.3 


Ditto piluten £tlMk 
Ditto ditto dttio 




6.6 
l.fi 
3.0 


3.6 
3.0 
1.3 




10.0 
4.0 

4,0 


22.0 

4.0 
4.0 


Side walls, plinth in 
cement 




9.e 

fi.O 
3.6 


3i-6 
7.0 
3.6 


Ditto, mortar 




g.e 

7.0 
3.0 


23.0 
8.6 
3.0 


Ditto, with buUng 




s.o 

7.0 
8.6 


4.0 
4.0 
3.6 


Bnttren 




8.0 

4.6 

a.o 


7.0 
3.9 
3.0 


Ditto 




9.6 

g.e 

3.0 


7.0 
3.6 
3.0 

32,0 
30-0 
1-6 


Ditto 




30.6 

8.0 
1.0 


Arch 
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2 


30.0 
1.9 
1.9 


183.10 

38.0 

210.0 

32.0 


Deduct springing 
Ditto string course 
Stone springing 
Ditto 


2 
2 

4 
2 


44.6 
1.0 
1.0 


89.0 

137.10 

16.4 

19.2 


Stone string course 


4 


9.6 
1.0 
1.0 


43.6 
1.7 
0.6 


Ditto coping 


2 


30.0 
2.0 
1.9 


3.6 
1.2 
1.0 


Ditto caps 


4 


8.0 
1.0 
1.0 


2.9 
1.3 
2.0 


Ditto key-stones 
No. 6 centres 



Abstract. 



Diggbifr 



864.0 
792.0 
120.0 

27)1776.0 

66 yards 



Biiokmortw. 



660.0 

646.0 

108.0 

116.0 

306.0 

798.0 

660.0 

288.0 

181.0 

122.0 
90.0 

240.0 

190.0 

704.0 
1102.6 
1173.0 

112.0 

157.6 

147.0 

7699.0 
221.10 

27)7477.2 

277 yards 



Brick oement 



640.0 

198.0 

609.0 

30.0 

62.8 

27)1529.8 

37 yards 



Areh. 



)1440.0 
53 yards 



Dednct brick. 



183.10 
3S.0 



221.10 



The Bill. 



66 cube yards digging to foundation 
277 99 hnSL in mortar 

37 M »> in cement 

63 M arcb, in mortar 

504 cubic feet masonry 

No. 6. Centres 

60 feet run of 6-inch brick drain-pipHB 

60 feet run of 4-inch cast iron pipe, including 4 flanges 



Stone. 



210.0 
32.0 
89.0 

137.10 
16.4 
19.2 

604.4 



£ 8 d. 



In the constructioii of a railway, provision must be made for 
drainage and the conveyance of all water-courses, of such 
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ftinwiWBOfw M the iutare of ilie tmt demnidi; Aft amaDer 
dnSm may be coiiBtraeled mSi mg^hmmwn Fqfwi^ of ^varions 
dimeniBOiia. 

C&cnlar hatf-liEidc dntns are called banel dnbiB ; liMM an 
measmed hy the Ibb^nm or lineaL Am tiicj incraaa llM^f mm 
Aim tanwd culv ef to oor ^"wmAi : tibeae are mttHnred aa aaakfliL 

When aiij iroik 18 fiu»d widi a ai^erior br^ and labovnv ife 
18 measoied as sach by the foot saperficiaL 

Platfoniia and groimd fbon of atatioiia are nBually ftsw^ 
and measured by the yard or foot saperfidal; ihey are of 
great variety in materialw^ el&er flat or on edge^ or henin- 
bone. To ^ese may also be added 10 or 12*mch tiks and 
enoEMistic tile psviDg. 

When piers are oonstnicted foot the siqpport of iron ckr wood 
bridges^ partly of brid: and stonOi the disdnction must be made 
in the abstract 

PierB are generally formed, one part recUIineal, the other by 
parts of a dide ; in measoring they mnat be taken separately- 

bcason's work. 

AU stone exceeding three inches thick is measured by the 
cube foot; when faced and laid in regular courses, or rusti- 
cated, should be described. 

Random work, such as walling, by the cube yard. 

Paving and coping are measured by the foot superficial, accord- 
ing to thickness. 

Therefore, to get at the real value, each particular descrip- 
tion of labour and material must have a separate column in the 
abstract, each forming a distinct item in the bill. 

IRONWORK. 

Ironwork of every description is calculated by mensuration 
in taking the superficial area; accurate drawings, with every 
requisite dimension marked on them, must be prepared, founded 
upon the following rules. 
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Not¥dthstanding the excellence of many tables published, the 
following method will in many cases give more accurate results. 

The calculations by the Tables Nos. 20, 21, 22, are con- 
stmcted principally upon the assumption that one cubic foot of 
wrought iron is equal to 480.62 lbs. 

The sectional area in square inches of any tube, bar, or plate 
of wrought-iron, multiplied by 10, wiU be the weight in pounds 
per yard m length. 

Thus: an angle iron, whose section is 3.5 square mches, 
leeighs 35 lbs. per yard. 

In large masses, or tubes, multiply the sectional area in 
square inches by the length in feet, and divide by 672 for the 
weight in tons. 

To reduce cubic feet into tons, multiply by 1^, and divide 
by 7. 

A deduction of one-twentieth from these results will give a 
dose approximation for cast-iron. 

Five per cent is allowed for rivets on the amount of tonnage. 

The method of casting the weight of heads and nuts is given 
in Table No. 22. 

Table 23 shows the method of calculating girders on the 
skew. 

A superficial foot of wrought-iron one inch thick is equal to 
40.32 pounds. 

Table 24 shows the weight of a lineal foot of cast-iron pipes, 
according to its diameter and thickness. 

Problem 18. 
Required the weight of the cast-iron girder, Figs. 2 and 3, 
Plate 35, according to the dimensions therein described. 

Ab^.-*When any portion of the figare is wider at one end than the other, 
always take the dimension in the middle. 



By Rule 1. 



!xL In. lb*. 

A = 8 X 1.5 X 10 = 120 X 

B = 24 X 2.5 X 10 = 600 X }- = 1220 X 8 = 9760 pounds 

C = 20 X 2.5 X 10 = 500 X 



V- 
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To find the if^d^t of llieaogiiiur pieces Daiid D wfflbe 
twice ihe quantity, and E twenty tuneai 

First find the saperfidUl area in feet; multiply tiie pfodnet 
by lihe proportional thickness it bears to tibe nnmber impounds 
fo llhe square fixity one indbi llikk, equal to 20, the 
inll be lihe number of poundi reqidred. 



:. in 'riu 



^"t 8x9x S»14Af'^'**V9eSI-M4A»4.61xWs9iJ0pcMBdi 
B» 4x4x90 :s8i0> 

. lMI + 97eO«98SS 
leit5pwMtorl/S0» SM 

M60«4 8 $ 8 

Three round iron tie-roda^ 1-^ inch diameter, 80 feet eadi, to 
which win be added 6^ inches fer hexagon heads and nuta^ 
equal to 79 feet 

» 

The same by the TeUe Na 88. 

Jf0tf0L^WhentliedimflDm»texmedtlie ttomber in the ttUe^tdktsnrii JBmaiien 
as will make up the Bum. 



In. Is. 

8 " ' 



inches 



00^(8= 6:67 } l^'"' •|M6 = 10x4 = «'=J .. 

4001 = 1 foot 822 =W-.K 

84 = the length 84 = the length 



16004 800 

8008 *W 

960.84 = A *800 = B 

o i (5 = 8.32 X 4 = 33.28 = i inch 



o« 



166.64 = 1 foot 
24 = the length 



66656 
33328 



3999.36 = C 
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The cornice as before = 92.20. 

The result of the two methods proves to be exactly the same ; 
so that by bearing in mind the number of pounds to a yard 
lineal of inch bar-iron and superficial foot of inch thick iron, in 
addition to the other short rules, the tables are nearly useless. 

Noie, — The drawings here introdaoed are merely made for the purpose of ex- 
plaming the methods of casting the weight. 

Problem 21. 

Figs. 4 and 5, Plate 35, represent half the elevation of the 
front arch of a cast-iron bridge, and a section through the 
centre of the same ; the dotted lines show the section at B. 

Let the weight be calculated from the data that every yard 
of bar-iron 1 inch square is equal to 10 pounds, and that every 
superficial foot of wrought-iron 1 inch thick is equal to 40 
pounds weight 

First, the bottom flange marked A is 4 inches by 1^ inches, 
and 9 feet or 3 yards in length, equal to six 1-inch square bars 
one yard long, which multiplied by the length and then by 10 
give the weight ; thus : 

6 X 3 X 10 = 180 pounds 

B, B^ B*, C, show the front divided into parts, to be calcu- 
lated to superficial feet; multiply the product by 40, the 
number of pounds to the inch superficial, will give the weight 
of that portion, thus : 



78 X 40 = 1111.20 pounds 



D, the coping and top of cornice, being separated for the con- 
venience of casting, are attached to the body or face of the arch 
by screws ; the mouldings being girt for the width, multiply by 
the length, the result ^ves superficial feet; and that product 
multiplied as before for -i^ inch thick, thus : 

Coping and top cornice 3.17 X 9.0 = 28.63 1 » ^.i i o w on _ qoo An 
Remiander of Iditto . 1.40 X 9.0 = 12.60 J " *^-^^ >< ^" " ^^^'^^ 




SSS LAND AND UKUMUtim flUSTIYINQ. 

The fiUetB loimd Hie panel at B, ilie flpaii&d],'«iid«fc B^lue 
cask widi liie body of the work Gf iioBmaj be c a knln l ftil by 
moldfljpiiig the kngth in Uneel jaidt by 6^ eqnal to haKliie 
•ilimeanoliyihiis: 

lOxSsSOpouMb 

The trdfia-woik F in the flpendrdk bang one indli iqnaie^ 
win abo be calcnlated by tiie lineal yard, multiplied by 10, &«: 

F«iixia •iio»ft^„,,.«^ 

The top nil S inches wide^ 1 inch ihidk^ aJEnd 8 yards Imig^ 
wH be equil to 9 x lOs 90 poimdfl^ tbos; 

. IM + lUUO+SSMO-fM-l-Stf-i-WtBMW 
Let* 8 p« ««L UOO -»- M a* ^.ai Uf the anil 
8SWx«-:«»bKit*T" T T IS 
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The timber ihat is inostfy used for engineering work art 
balks and plank% and are calculated by the cube foot, or load of 
50 feet 

Numerous other works have to be added before a line of rail- 
way is in complete working order, as ballast, drainage, retain- 
ing walls, fencing, post and rails, permanent way, level cross- 
ings, gates, &c. 

Stations, lodges, warehouses, engine-houses, and other requi- 
site buildings, are confined chiefly to the architect and builder. 

ON TIMBER MEASURING. 

The mensuration of timber may be considered a part of the 
duties of a surveyor or land agent. 

The fall of timber is at different periods of the year ; elm, 
beech, ash, <fec., when the sap has fallen, oak, on the contrary, 
when the sap has risen, so that the tree may easily be stripped 
of its bark, which has been equal to or more than the value of 
tlie timber. 
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In measuring timber there are certain customary laws to be 
attended to. The merchant, or purchaser, has the power to 
divide the tree in lengths as he thinks best to his advantage, as 
a girt may be taken in the middle of a tree, and contain a 
greater quantity than if it were divided into two or three 
lengdis^ and the -^ girt taken in the middle of each. 

The usual method of taking the girt is by a strong piece of 
whipcord, which is folded into four parts and then applied to 
the foot rule, the measure of which gives the -^ girt ; that num- 
ber, with the length, is entered into the book as one dimension. 

There are tapes numbered to show the ^ girt at once ; few 
if any merchants will permit a tape or strap to be used, as it 
does not compass the tree fiiirly, and will mostly take a greater 
circumference ; the string may be applied tighter, and benefit 
the purchaser. There is a practice between the buyer and 
seller, that^ in girting a tree with the cord, if either should 
break it by over-straining, the fine is a bottle of wine for each 
breakage. 

Sometimes the tanner will purchase the bark at the same 
measure as the timber— that is, by the load of 40 feet ; more 
generally by the yard — ^that is, the bark is stripped off the tree 
in yard lengths, and then packed up in piles, Ae lengths of 
which are measured lineal. 

The merchant, in addition to the body of the tree which is 
cut off below the crutch, may select two arms, only as much in 
length .a ™n Measure 6 inches , girt 

The rest of the tree is called lop and top, which is afterwards 
cut up into 4 feet lengths, packed up in piles 4 feet high and 8 
feet long, which is called a cord of wood, sold as firewood. 

There is also another privilege allowed the purchaser ; when 
one of the arms of the oak has a shoulder or knee, he marks off 
the place where it is to be cut off, and with the timber-knife or 
rasure cuts the letter K. This piece is used for the keel of a 
vessel ; it is not measured as timber. A value is put on it at 
the time of measuring, and entered in the book accordingly. 
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Allowances also have to be made for bark, which cannot 
always be a fixed rule, as the age and qualify of timber varies. 
The bark in some instances requires more than the usual 
allowance — elm, beech, ash, and lime (other trees are not con- 
sidered timber). One inch is sometimes allowed out of one- 
fourth of the whole circumference ; in very young trees not 
more than one-half the above. Oak, which very seldom 
happens to be felled with the bark on, the allowance is about 
_ij. or y^ of the circumference. 

Every tree is numbered with p^nt, or generally by the timber- 
knife or rasure, by Unes crossing each other thus: jr/yCf\ 

evwy intersection counting as 10 ; thus, the first line crossing 
the three lines will read 30, the second line 60, and so on, for 
the small number is cut separate by the side ; if 5 cut a short 
line on the first cross line which reads as 65, beyond cut other 
short lines next the 5, say 66, and so on to any extent. 

In measuring standing timber, there is very little difficulty in 
obtaining a close approximation to the true quantity ; in this 
case there is no allowance for bark. By the assistance of a 
ladder and a 10-foot rod the lengths can be easily obtained ; 
€m» or two girt8 by the cord to Hie body of tiie Izee is sufficient. 
A good practitioner will gaeas at the arms near enough fbr this 
ptupose. 

Where young timber will not girt 24 laches they are called 
s^>lingB, and are generally divided into tliree clauses, fint^ 
secMid, and third, according to tiieir age, and are valued ao- 
cordin^y. Pollards are never taken as timber, and are valued 
separately, according to their quality. 

In some instances the land steward will not allow a pollard 
on the estate, as they are considered to be an encouragement to 
the tenant to increase their number by injury to the young 
timber, the tenant having the privilege to the lop of all pollards. 

Some gentlemen take a pride in their estate by encouraging 
the growth of timber, by lopping off decayed branches, and 
removing ivy round the trunk which much retards its growth. 
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In order to know the value of his timber year by year, a book 
is prepared expressly for the purpose, noting what trees are 
felled either for sale or repair, and the number planted. 

It is remarked by the most eminent arborists that, for every 
tree fiallen, three should be planted to make good for casualties 
in the young plants. 

The following is the method of keeping the book for mea- 
suring a fall of timber : 



Naof 
Irae. 


Side Mnwre in 
inciiM. 


Length in feet. 


Quuititiee in esch 
tree. 


Description of etch 
tree. 


1 


80| 


16 


ft in. 
46 8 


Elm (hetdthj) 



The foregoing observations are intended only as an introduc- 
tion ; practice and custom will be the best master. 
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PART V. 



DESCRIPTION AND USE OF INSTRUMENTS IN 
SURVEYING AND PLOTTING. 

Fig. 1, Plate 3G. The theodolite is a very superior inatru- 
ment, and generally considered to be the best for taking vertical 
and horizontal angles. 

The telescope A B is fitted with achromatic glasses,* in order 
to obtain the greatest magnifying power, near to which are two 
fine hairs or cobwebs, attached to a diaphragm (Fig. 3, Plate 36), 
as at A, at right angles to each other. The object-glass (over 
which is a slide-shade to prevent the sun or rain acting on the 
glass) ia moved by the milled screw t, till the distant object and 
the cross wires appear distinct ; underneath is a spirit level D 
attached to the telescope at one end by a joint, at the other 
end by a capstan-head screw for adjusting it to the line of 
coUimatitm. The whole rests on two Y*8, and is ctxifined by 
two cHpa. 

The vertical arc E is fixed to a long axis, sastained and 
movable on two supporters fixed firmly at nght angles to the 
horizontal plate F ; on the upper part of the arc is a bar to 
which the Y's are fixed. The arc is graduated on one side uito 

* Acliromatic, in optics, vilboul coloora, ■ term first used b; H. de la Laude, in his 
Astronomj, to denote teleecopei of a new iavention, contrived to remedy aberrations and 
colours. 

Aberration, in astronomy, an apparent motion in tlie celestial bodies, occasioned bj the 
ptoftressiTe molion of lif;bt and tbe eartli'a annual owtioD in ber orbit. 
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degrees and half-minutes, each way from to 90"^, and sub- 
divided by a vernier, as at J ; to the axis of the arc is attached 
a movable microscope e^ to read the angle more distinctly. The 
other side of the arc is divided into the number of links to be 
deducted from each chain, according to the angle of inclination 
or depression to reduce the hypothenusal measure to the hori- 
zontal measure. (See Table, No. 12.) 

On the other side of the axis, at the point /, is a clamp screw 
to fix the telescope when taking an angle, and a tangent screw, 
g^ to give the telescope a gentle motion, and bring the cross 
wires minutely to the object observed. 

The horizontal limb F consists of two plates ; the upper plate 
contuns two verniers opposite each other, as at A (some instru- 
ments have three verniers). Attached to this plate are two 
spirit levels, t, at right angles to each other, with capstan-head 
screws for adjustment ; also a compass or magnetic needle, k^ 
having the circumference inside the box divided into 360® and 
half-minutes, and when not in use a spring is attached to lift off 
the needle fipom the point. This plate revolves with the whole of 
the before-described parts of the instrument on the lower plate, 
and when required, clamped by the screw / to the lower plate, 
and as before, when taking an angle, the tangent screw m will 
give it a slow and regular motion to bring the cross wires to the 
objects forming the angle. 

The lower plate is chamfered, and divided into 360*' and hatf- 
minutes ; n is a microscope for reading the angles more distinct, 
and revolves round the lower plate ; I is a collar that is attached 
to the main axis, having a clamp screw, G, which fixes the lower 
plate, and the tangent screw, H, gives it a slow motion. 

The parallel plates K K are held together by a long axis, with 
a ball fitted into a socket upon the lower plate, ground ac- 
curately to fit it^ attached to a conical axis passing through the 
upper parallel plate. 

The four screws L are for bringing the whole instrument to a 
perfect level, the vertical arc being first fixed at zero. Then, by 

q2 
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turning the screws contrary ways to each otlicr, bring the head 
of the instrument U) n correct position for taking the observa- 
tions. 

Underneath the lower parallel plate is a female screw, by 
which it is fixed to the tripod when required, and, when shut 
lip, forms a roimd staff. 

The instrument is neatly peeked into & mahogany box, in 
which is generally fitted a plimmaet and line used to bring the 
centre of the theodolite directly over the point of the angle about 
to be measured ; also a tumscrew and pin to alter the screws 
when any part of the instrument requires adjustment. 

There is also an inverted lens of diiferent focus. 

The best theodolites have another telescope underneath the 
lower limb, which moves either vertically or horizontally, and 
has a clamp and tangent screw to fix it to the object, to detect 
any error in the observation taken by the other telescope. 

Previous to commencing operations with the theodolite, 
examine well the state of it, and ascertain if it is con-ect in all 
its adjustments ; if not, the following methods must be adopted : 

The first adjustment is of the telescope for collimation* and 
parallax. Set the ijistrument up firm, move the c}e and ob- 
ject {^aases by the sorew b, tall yon cfta see ckady the q»« 
wires and the objects at a distance ; then the adjostmemt fir 
parallax will be perfect 

Then direct the teleacope to atone sharp olgect diat can be 
diatinctiy seen, such as tlie angle of a building Ac. ; fix the telfr 
scope, and obaerve whether the horizontal hair coincides witb 
the object; then turn the telescope round on its axis, and ob> 
serve if the hair is exactly at the same place; if not, correct hdf 
the difference by moving one of the screws, a, and tightening the 
other ; then reverse the telescope on the Y's, and if the hair does 
not coincide with the object, repeat the foregoing operation till 
in both positions it perfectly coincides with the same object 

* The line of collirnKtion is the line of Tision cut bj the iotarsecting point of the ctom 
liAirs in the telescope, answering to the visual line, bj which 4e diiectT; point at objecla 
with plain sight. 
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When the precise situation of the horizontal hair is ascer- 
tained, adjust the vertical hair in the same manner, turning the 
telescope at right angles. 

When the two hairs are thus adjusted, reverse the telescope 
on the Y*8, and observe if the intersection of the hairs coincide 
exactly with the point of the object ; the line of collimation 
will be in adjustment 

The next adjustment is the horizontal and the vertical limb. 
Set the instrument as nearly level as possible by the legs or 
tripod; fix the whole by the clamp G, and loosen the upper 
part of the limb F ; fix the vertical arc at zero, turn it round, 
and bring the telescope over two of the parallel plate screws L ; 
then raise one of the staff screws, and depress the opposite ; turn 
the telescope half round, and repeat the same over the two other 
screws ; continue this operation till the bubble in the level at D 
remains in the centre of the tube ; take the telescope out of the 
Y'b and reverse it end for end. If the bubble remains in the 
same position as before, it is in good adjustment ; if not, that 
end to which the bubble runs is too high ; then, by the capstan 
screw at the end of the tube regulate half the difference the 
bubble has moved from the centre, and the other half by turn- 
ing the screws L between the parallel plates. Return the tele- 
scope to its former position on the Y's ; if then not correct, the 
same operation must be repeated both ways until it does ; the 
two levels i i must be adjusted at the same time by the capstan 
screws, and when this adjustment is made satisfactory, the ver- 
tical arc is at perfect right angles with the horizontal limb. 

As a further proof of the accuracy of the instrument, clamp 
the upper horizontal limb and loosen the lower plate; then 
move the instrument slowly round, and if the bubble, D, still re- 
tains its position, the two axis on which it revolves are correct ; 
but if the bubble does not retain its position, then some defect 
exists in the axis, which can only be remedied by the makers. 

When all these adjustments are made perfect, the instrument 
may always be levelled by the staff screws. 
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The pwfect adjustment of the instnuiMit coomtB <tf ihe Ibl- 
lowing pardciilan : 

The horiflontal circle must be traly level; the pibiiei of tibe 
irertkil cirde mmt be traly perpendicakr to the hotiflcn ; iihe 
line of fli^t or coUimttticm must be exactly in the centre of tiia 
cirdb on which the tdeecope toma ; the Bfint lenl moat be 
panlld to the line of coIlimati<»u 

Theve are two methoda in meaaoring an an|^ 

Tlieodolita Fiiat: The ai^ meaanrad from the meridiaa 
line to the chain line; aeeond: The an^^ meaamed b et w oo n 
jbwo fixed objecta 

To mearaxe an ai^ frrai the meridiaD; 

The theodoUte being in peifect a4}n8tnient| place it fizaafy' on 
the gronnd, and the paraQdl piatea aa neaify level « poanUe^ 
and two ataff acrewa in the dinetioii of one of the dMun finea. 
The centre of the inatrament mnat be exactty oToar liie atatinii 
peg or anf^ p(»nt| which ia proved fay ao^ending a wei|^t or 
plumb bob. 

Fix the index on the vertical arc at aero, then proceed to 
level the instrument by the four staff screws. Turning l^em 
slowly contrary ways, raising one side and depressing the 
other, until the bubble is in the centre of the level under the 
telescope ; then turn the instrument half round and repeat the 
same with the other two screws, continuing this operation till 
the bubble is stationary in the middle. 

Then bring the zero of the horizontal limb F to the lower 
limb at 360°; its opposite will be 180°; and fix them by the 
clamp screw / on the upper plate (in all adjustments the tangent 
screw is used to move the instrument with greater minuteness). 

Move the head of the instrument until the north end of the 
needle points exactly to 360° on the circle in the box, and fix it 
by the lower clamp screw G ; loosen the clamp screw on the 
upper plate, turn the telescope until the cross wires cut the 
object set up on the chain lines, then read the angle on the 
limb F by the microscope n; as, for instance, 12° 40' N.E. ; enter 
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the same in the field book, adjoinmg the line for which the 
angle was taken. 

The same ansle may be read by the needle if it is correct. 
Alwa^ repeat L opi.tion, and I by the two readings there 
18 a slight difference, take the mean. 

When there is more than one instrument used in the survey, 
care should be taken to observe the difference existing between 
the needles of eaxsh instrument, so that the allowance may be 
made in plotting ; they are frequently very much at variance. 
This applies to all other instruments having a compass. 

When taking an angle, be careful to remove the chains and 
all other metallic attractions, otherwise the angle will be in- 
accurate. 

To measure an angle between two lines. 

The instrument must be fixed and adjusted in the manner 
before described ; set the vernier of the horizontal limb to 360*^, 
and damp the instrument to the lower limb ; bring the whole 
round until the cross wires of the telescope cut one of the 
objects set up for the required angle, and fix it by the lower 
clamp screw, G ; then unscrew the clamp screw, Ij on the upper 
plate, turn the telesco'pe round until it cuts the other object, 
and read off the angle ; always repeat the operation before 
moving the instrument. 

This method of taking angles applies to the box-sextant, and 
all instruments not having a compass. 

When more angles are required from the same pomt, they 
should be read off before moving the instrument. 

To take a vertical angle. 

The instrument being set firm in the ground, and put into 
perfect adjustment, raise or depress the telescope until the cross 
wires intersect the object; then fix the vertical arc by the 
clamp screw /, and bring the telescope minutely to the object by 
the tangent screw g ; read off the angle by the microscope e. If 
the angle is below zero, it will be an angle of depression ; if 
above zero, it will be an angle of elevation. 



\ 
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TBI DIAFHBACOL 

JF^. 2, l%ite ae. The diiqplingm 
^ theodolite and npnt kvdL It is a drcolar ring of Yasmm, 
nade to act freely infiode the tdesoope^ and la moat aeemsld^ 
4rrided into four parta (where oidy two oobwcha are oaa^ ^ 
l^g^ an|^ to each otiher ; from each of theae pointa a odbpdi» 
ia ftietched aoraas the ring, fiimiqg the yertical and horiaonlK^ 
ydm, by which the an^^ and hdj^ta are detenmned. Thai 
rii^ ia attached to the tekaoope by four acrew% o^ Kg. 1^ the 
a^iqatment of which haa been before described 

it not uifrequenlty happena to the aorveyor to meek witlt «» 
aocfdent by breaking one oar both the eobweba^ which at owe 
dealroya the nae of the inatnanent H rniacqnaiiitedi wilih-^ 
mapnar of replaciiig them, iuid haa no other inatniaien^ he ia 
eowpeHed to loae time^ wMbt it haa to go to the makoa fiirre* 
pantion; therefore it ia well to know how to prefreiMt tinvp 
inoomreniencea by being able to rqiair them. 

llnd aome place where there are cobwebsi wind Ihem rin^ 
round a card, the same aa winding silk, until you have plenty 
for the two. 

Then take two narrow strips of card to act as weights, and 
with strong glue, or gum shellac, fasten the ends of the cob- 
web to each card sufficiently long to hang over the ring on 
each side ; place the cobweb minutely over the two nicks cut 
on the ring, and drop a small quantity of the gum on the 
nick to fasten the cobweb ; then cut off the two ends ; serve 
the other the same, replace the diaphragm, and adjust it aa 
described. 

THE IMPROVED DUMPY LEVEL. 

Fig. 3, Plate 38. The superiority of this level consists princi- 
pally in its simplicity and compactness. By adopting an object 
glass of large aperture and short focal length to the telescope, 
considerable light and power is obtained. A is the telescope, 
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having a diaphragm, Oj with cross wires placed in the usual 
manner ; the internal tube or slide, which carries the eye-piece, 
B, &c.y is nearly equal in length to the external tube or tele- 
scope, which, being sprung at its aperture, secures to the slide 
and its eye-piece a steady and parallel motion, when adjusting 
for distinct vision of a distant object by the milled screw C ; 
D, the object glass, having a movable «lide shade. The spirit 
level E is placed above the telescope, and attached to two 
rings passing round it ; by the capstan-head screws, C, the air 
bubble of the level is adjusted for parallelism with the line of 
collimation. 

The parallel plates and screws F are similar in every respect 
to those of the last-described instrument ; d d represents the 
capstan screws for adjusting the telescope, and are protected 
by cases screwed to the horizontal bar G, which supports the 
telescope and spirit level ; a compass-box is made to be attached 
to the horizontal bar when required. 

The parallel plates are attached to the upper part of the in- 
strument, and the whole is fixed to the tripod by a screw under 
the lower plate, as in the other instruments. 

To examine and correct the collimation according to Mr. 
Gravatt's method. 

On a tolerably level piece of ground drive in three stakes at 
intervals of about 4 or 5 chains, calling the first a, the second 
hj the third c. 

Place the instrument half way between the stakes a and 6, 
and read the staff A placed on the stake a, and also the staff B 
on the stake h ; call the two readings A' and B' ; then, although 
the instrument be out of adjustment, yet the points read off 
will be equidistant from the earth's centre, and consequently 
level Now remove the instrument to a point half way between 
h and c, again read off the staff B, and read also a staff placed 
on the stake at C, which call staff C (the one before called A 
being removed into that situation) ; now, by adding the differ- 
ence of the reading on B (with its proper sign) to the reading 
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on C, we get three points, A' B' C, equidistfint from the cartli'i* 
centre, or in the same true level. 

Place the instrument at any short distance, say ^ a chain 
beyond A, and, using the bublile merely to see that you do not 
disturb the instrument, read all three staves, or, more correctly, 
get a reading from each of the statfe a, 6, c ; call the three read- 
ings A', B', C. Now, if the stake b be half way between a and 
e, then ought C— C — (A*— A) be equal to B'— B' — (A'— A") ; 
but if not, alter the screws of the diaphragm, and consequently 
the horizontal cobweb, or wire, until such be the case; aud then 
the instrument will be adjusted for colUmation. 

To adjust the spirit bubble. Without removing the instru- 
ment, read the staff A, and say it reads A'' ; then, adding 
(A' — A' with its proper sign) to B', we get a value, say B'. 
Adjust the instrument by means of the parallel plate acrewa to 
read B' on the staff B. 

Now, by the screws attached to the bubble tube, bring the 
bubble into the centre of its run. The instrument will now be 
in complete practical adjustment for level, cur\-ature, and hori- 
zontal refraction for any distance not exceeding 10 chains, the 
maximum error being only Tu'ro"' pf^rt of a foot. 

Example. The instrument being placed half way between two 
stakes, a b (one chabi from each other), the staff on a or A' read 
6.53, and the staff on b or B' read 3.34, placing the instrument 
half way between the stakes b c (three chains from each) ; the 
staff on b read 4.01, and the staff on c read 5.31. 

Hence, taking the stake a as the datum, we have — 



The instrument being now placed at d (say 5 feet from a, but 
the closer the better), the staff on a or A' read 4.01, on b or 
B' 1.03, and on c or C 3.07. Now, had the instrument been in 
complete adjustment (under which term curvature and refrac- 
tion are included), when the reading on staff a was 4.01, the 
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readings on b and c should have been respectively 0.82 and 
2.12. 

The instrument^ therefore, points upwards, the error at 6 
being 0.21, and the error at c 0.95. Now, were the bubble 
only in error (as is supposed in all other adjustments), the error 
at e ought to be 4 times as great as at 6, but 4 x 0.21 = 0.84 
only ; there is an error, therefore, of 0.95 - 0.84 = 0.11 not due 
to the bubbla 

For the purpose of correcting this error (and be it remem- 
bered, contrary to the former practice, for this purpose only), 
we must use the capstan-headed screws at the eye end of the 
telescope, and, neglecting the actual error of the level, we are 
only to make the error at b one-fourth that at c. 

After a few trials, whilst the reading at a contained 4.01, the 
reading at b became 0.75, and that on c 1.84. 

Now 0.82 - 0.75 = 0.07 and 2.12 - 1.84 = 0.28 

And as 4 X 0.07 = 0.28 the telescope is now adjusted for collimation 

All that remains to be done is to raise the object end of the 
telescope by means of the parallel plate screws until the staff at 
c reads 2.12, and then, by means of the nuts which adjust the 
bubble tube, to bring the bubble into the centre of its run. 

The operation of coUimating, when once performed upon 
levels on Mr. Gravatt's construction, will scarcely ever need 
being repeated. 

Description of the Y level. Fig. 1, Plate 38. 

The achromatic telescope A is movable^ like the theodolite, and 
is furnished with two cross wires, vertical and horizontal; the 
diaphragm (see Theodolite) to which they are fixed is adjusted 
by the four screws in the telescope. By turning the milled 
screw B on the side of the telescope, the object glass C (to which 
is attached a movable brass tube to screen the sun's rays) is 
moved outwards, having previously adjusted the eye-glass at D 
to a focus suitable to the observer. 

The tube E, with the spirit bubble, is fixed to the telescope 
by a joint at one end, and a capstan-headed screw at the other, 
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to raise or depreiB it for the •4)artawiifr--ilii* m^ to. Mt k 
panDdwiththec^pticalaadsofihet^^ . . 

The telesoope i8 saj^rted aiid fa»d by the 1^ 

The lower ends of these mxppofrkn move perp0Bdi0dH%r 
throng strong ban; at the end of one of these is • aniBed mi^ 
Fy to faring the instrameat aocimteljr to a kvel, the otiker a^ 
porter having a movable joint (m aome of the best inatrnimaali 
a screw is fixed to both of the supporters). Between tibeitaPi 
sopportB is a compaai-boaEy G, divided into 860^ with a ^iiag 
to throw the needle off its centre when not in use. Inaonahip^ 
stnunents the compass is made to take on and oC Tim me^af 
the compass is to take the an^tos or bearin^i of die line ftai^ ii 
bdng levelled 0n the same manner as before desovibadtvlg;^ 
the theodolite and other instnunents), otherwise it has no «ii» 
nexion with levelling. 

Ik the damp screw which fiaoes the tdescope steady, and As 
tangent screw, K, ^ves the whole a slow motion to briiig it 
nicely to the stafl^ which prevots handling the level wii s n 
placed in adjustment This beantiM adjustment is omitted la 
other levels. 

The whole body, including the paraUd plates, is fixed to the 
tripod, by means of a female screw in the lower plate. 

Three adjustments are necessary. 1. To place the intersection 
of the wires in the telescope, so that they shall coindde with the 
axis of the cylindric rings on which the telescope turns. 2. To 
render the spirit levd parallel to this axis. 3. To adjust for the 
horizontal motion, so that the spirit bubble remains stationary 
in the centre of the tube, whilst the tdescope is turned wholly 
round on its axis. 

To adjust the cross wires, or line of collimation. 

The eye-glass being adjusted to its focal distance, direct the 
telescope to some defined object, then turn the telescope round 
on its dies in the Y's ; if the intersection of the wires does not 
cut precisely the same point, their adjustment is necessary ; the 
Avires nmst be moved one-half the quantity by the four screws 
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marked a, attached to the diaphragm, one of which must be 
looBened before the other is tightened. The two horizontal 
screws are to move the vertical wire. The vertical screws are to 
move the horizontal wire. When the requisite position of the 
wires is produced, the adjustment of the axis is perfect. 

To adjust the spirit level to the line of coUimation. 

Move the telescope till it lies in the direction of two of the 
parallel plate screws (the clips which confine the telescope in 
the Y's being laid open), and by giving motion to the parallel 
plate screws bring the air bubble to the middle of the tube. 
Then reverse the telescope in its Y's ; should the bubble of air 
not come to rest in the middle, it then proves that the spirit 
level 18 not true to the axis of the tube, and requires adjust- 
ment The end to which the bubble of air goes must be noticed, 
and the bubble made to return one-half the distance by the 
parallel plate screws H, and the other half by the screw F. 
This and the adjustment for the collimation generaUy require 
repeated trials before they are completed. 

To adjust for the horizontal motion. 

The level is said to be completely adjusted when, after the 
two previous ones, it may be entirely moved round without the 
bubble changing materially its place. To perform which, bring 
the telescope over two of the plate screws, and make it level by 
unscrewing one of the screws while you are screwing up the 
opposite one, till the air bubble is in the middle and the screws 
up firm. Then turn the instrument quarter round over the 
two other plate screws, unscrewing one and screwing up the 
other, as before; if the bubble remains in the middle all the 
adjustments are perfect, and none of the screws should be 
touched, excepting the four plate screws. 

It is worthy of notice that all the adjustments of the Y level 
can be made by the practitioner, particularly the line of colli- 
mation, with the spirit level. The glass tube containing the 
spirits should be ground true, all others are imperfect. The 
spirit bubble of the Y level can always be proved by moving 
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itr^ghtand loft on itoaads; if the Irabbfe ramiiiit oaoiri^ 
is true. 

hk aU otiiar kveb the sfdiit kvd is embedded and fi3C0i fcj 
llie meikeri ivfaich pveventB piovii^ tiie eceuncy of tiM i^bMi 
taba It is a fiMt not gemrattf known tiiat tike nudcen^ Ijr 
heating the tobe a triAe, wQl {^ a tiig^t bend, to oumlSbit 
bnbMe to ML mora feadlljr to ih0 ocutre ; thia can onl^ be 
proved in the Y level 

In the choice of a spirit level three poinia in par^^ 
be minntety examined: ftnt^ the cieameflB of aB the knati^ 
second, the troth of the g^ass tabe contslning l3i^ 
the action of the level on tiie cqms whidi shoold levolve wittt 
the greatest acconu^ posoble; all the adjnstmenls depend on 

t h ja. 

tbouqhtoh's xavxu 

J^. 2, FhlB 88. This level is extremely compact^ and when 
the Une of collimation is in perfeot adjustment^ and with osie 
it is less liable to be deranged Hian those of a diflSsrent constra^* 
tion, the spirit level being permanently fixed to the telesoope, 
the whole being confined to the horizontal bar, is attached to 
the parallel plates by a screw underneath the bar ; the parallel 
plates are separate, and made to screw on to the tripod in the 
same manner as described on other instruments. The level and 
parallel plates are neatly fitted into a mahogany box, and the 
tripod similar in all respects to others. 

A, the telescope ; B, the spirit level partly let into the tele- 
scope, with small screws at each end for adjustment ; C, the slide 
shade over the object glass ; D, the achromatic eye-glass, and 
diaphragm ^vith three cobwebs, two vertical and one horizontal, 
having capstan-head screws, c, for adjustment ; E, the compass- 
box, supported on four pillars to the bar F, on which the whole 
instrument is fixed ; a and b are two capstan-head screws, for 
adjusting the telescope, being protected by a cap ; G, the parallel 
plate screws, by which the instrument is brought to a level. 
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The telescope is constructed on the inverted principle, and 
shows all objects with great clearness and brilliancy. 

The requisite adjustments are the same as those of other 
instruments; namely, that the line of collimation and spirit 
level are parallel to each other, that the telescope be perpendi- 
cular to the vertical axis, or that the spirit bubble remains in 
its position in the centre when turned round horizontally on 
the staff-head. 

The adjustment of the level is effected by correcting half the 
observed error by the capstan screws a and 6, and the other 
half by the paraUel plate screws G. 

The spirit level itself has no adjustment, being fixed firmly 
by the maker. 

To prove the line of collimation. 

Set up the instrument on some tolerably level ground, and 
level the telescope by the two parallel plate screws ; direct it to 
a staff held at the same distance (5 or 10 chains) ; note the 
height on the staff cut by the horizontal hair, say 6 feet ; then 
measure the height of the instrument to the centre of the eye- 
glass, say 4 feet, the difference being 2 feet. Now let the in- 
strument and staff change places, and repeat the former opera- 
tions ; if the difference in the two heights is the same the in- 
strument is correct ; if otherwise, take half the difference by 
adjusting the capstan-head screws, and the other half by raising 
or depressing the horizontal hair, and the other half by the 
parallel plate screws. 

Another method : 

Let there be two staves held upright at any convenient dis- 
tance firom each other ; call one staff A, the other B ; then 
place the instrument nearly on a line with the staves at 2 or 3 
chains' length from A, and having set the instrument level, 
read off both the staves, and note the same in the book ; then 
remove the instrument about the same distance beyond B, level 
it, and again read off the staves ; compare the former reading ; 
if the differences agree, the instrument is correct ; if not, the 
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adjustments must be corrected in the same manner as before 
described. 

Another method : 

Is by means of a sheet of water, and, when practical, is both 
convenient and accurate. At a distance of a few chains drive 
two stakes dose to the water's edge, so that the top may be even 
with the water ; let the level be set exactly over the stake, and 
a staff held on the top of the other stake ; now measure the 
height of the telescope to the centre of the eye-glass firom the 
top of the stake, and read the height on the staff cut by the 
horizontal wire; if the two heights agree, the instrument is 
perfect ; if npt, the horizontal wire must be raised or depressed 
as the error requires, until the heights read exactly the same. 



THE CIBCUMFEBENTOB. 

Fig. 2, Plate 36. This instrument has been greatly improved 
of late years ; it is now capable of performing nearly the same 
operations in surveying as the theodolite, though not with that 
perfect confidence. In addition to its use in surveying, it is 
chiefly used in mining operations : called by some dialling a pit, 
and by others latching. (See Plate 24.) 

It consists of a large compass-box, A, divided into 360°, 
subdivided into minutes, and a vernier, a, on the upper part, a 
magnetic needle, and two sights, B C, perpendicular to the 
meridian line in the box ; in each sight there is a large and 
small aperture, or slit, one over the other : these are alternate ; 
a fine piece of silk or horse-hair runs through the middle of 
each aperture, and the circular holes crossed at right angles by 
another horse-hair. 

The two siglits are made to fold do's^Ti for the convenience of 
packing ; underneath tlic compass-box is a pin to fasten the two 
j)lates together at 360°, and a spring to throw the needle ofi^ the 
})oint to preserv^c it when not in use. 

Tlu^ instrument is made to turn in a vertical position for 
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taking angles of altitude and depression. A spirit level, D, is 
attached to the lower plate. 

The cover of the box has two graduated circles, divided into 
degrees and minutes, similar to that on the arc of the theodolite, 
for taking vertical angles, and the hypothenusal difference ; a 
fine thread and plummet is suspended, hung on a small pin, 
which divides the arc according to the angle. 

The whole instrument works on a ball and socket, by which 
it can be placed to take vertical and horizontal angles ; it is 
fixed on a tripod similar to the theodolite. 

To measure an angle by the circumferentor. 

When taking horizontal angles, place the instrument so that 
its centre be directly over the station point ; fix the two plates 
by the pin underneath the compa^box, and bring the sights 
round so that the needle and 360° coincide ; fix the whole by 
the screw F ; then release the pin, and by the screw E turn 
the sights to the object set up ; the vernier will give the angle 
taken from the meridian. 

To measure an angle between two lines, fix the instrumeat as 
before, and bring the sights to the first object ; fix the whole 
by the screw F ; remove the pin, and bring the sights to the 
second object, and read the angle ; the reading of both should' 
agree. 

Natej^^la mining operations all angles are taken from the meridian, 

THE PBISMATIC COMPASS. 

Fig. 1, Plate 36. This instrument was originally introduced 
by Mr. Schmalcalder for military operations. A floating card, 
or silver ring. A, is fixed to the magnetic needle, divided into 
360 degrees, and subdivided into 20 minutes. Contrary to 
other instruments, it is graduated from the south pole of the 
needle reading west ; a prism, B, is fixed on one side of the box, 
to slide up and down ; on the opposite side is a vane, C, having 
a fine thread down its centre. 

In taking angles it is held in the hand, standing in such posi- 
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tion ihiil fh^ wDtspe q£ tbe needle* h dneetLy <yver ih&atetiiQii 
point ; it can be made to fix on a (rtaitd by a.baK aod MMfali 
fimilar tb tihe cirettii^^^ 

Tfa&B ittrtninimt is^ eofiiiniMt ht Urn use to b nriinntal in|^ 
taken fimn the meridian, and can be nsedcmly on' level gramid^ 
f»r fining in p(»tion» ci a sarwy . not. leqyifg^ 

D is anumxr made to dide ott and mi when feqpiiMd ; il li 
for the pnirpoae of leflefoting oljjecto above or bdoir tibo. olb^ 
server, and may be need Willi Ha fiM^npper^ . 

The melihod of takmg an an^^ by it ia as lisUow^.: Jffgt/k 
ac|}iut the priam, by aUding il upland down to bong Jt; to 
a proper focoa to raeid the diviaiom qb, the ckcle JtmUm iM'irtll 
distinctly; place the mj^timneperpendiciilar; hold the iHjtii^ 
ment steadily, and perfectly heodMntal ; look ihroai^, the: hole 
and slit in €he prism, and bring tlie thioad in tlie didA vwie^^ 
a line Willi the object; at ihat moment read the aqg^i .. 

E is a tdgger to lift the needle fixna off the pomt lAum not 
in we ; the cover of the box, F, is fibsed nndemeaili, and anr 
swers to hold the instrument when taking an angle ; the slide 
vane turns down flat on the glass, and the prism turns back ; 
when the cover is placed over the whole is packed in a leather 
case, making it very portable. 

THE PBOPOBTIONAL COMPASSES. 

Fig. 2, Plate 37. This is one of the most delicate mathemati- 
cal instruments in use. It is valuable in reducing plans where 
there are close towns, or other minute parts. It requires great 
care, as the slightest injury to any one of the points renders the 
instrument useless. Independent of its use in reducing plans, 
there are many other properties to which it can be applied. 

The dra^^dngs represent one of the best kind, the only dif- 
ference is the bar having a tangent and clamp screw, by which 
the points may be moved with the greatest minuteness ; the side 
view shows the bar when not in use. 
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There is a groove in eax^h shank, with a sUde, on which is 
engraved the index point attached to the milled-head screw ; 
the whole slides regularly in the grooves, when the instru- 
ment IB shut dose and is fixed to any division by the nut and 
screw, a, b. 

On one side of these grooves are placed two scales, one for 
lines, the other for circles. 

By the scale of lines, a right line may be divided into any 
number of equal parts contained on the scale. 

By the scale of circles, a regular polygon may be inscribed in 
a circle, provided the sides do not exceed the numbers on the 
scale. 

On the reverse side sometimes are added a scale for superfices 
and solids. 

Examples. To divide a given line into a proposed number. 

Shut the compasses, unscrew the milled screw a, and move the 
slider until the line across it coincides with the number of divi- 
sion required, as at 2 ; then tighten the screw, open the com- 
passes, and with the longer points take the length of the line to 
be divided ; then with the shorter legs you have the reduced 
length of half. 

To use the tangent screw, remove the screw rf, and place it 
at e ; screw the bar firmly, and by turning the screw c it will 
bring the points minutely to the division required. By slacken- 
ing the screw at ^, the compasses will be at liberty for other 
dhnensions ; the bar also assists in keeping the whole steady. 

To inscribe in a circle a regular polygon. 

As in the last example, shut the compass, and place the 
slider to the number of sides required, and on the scale fix the 
screw a ; with the longer legs take the radius of the circle. 

The line of plans may be practically applied in reducing or 
enlarging the areas of parallelograms, triangles, circles, i&c, in 
the ratios of from 2 to 10, the numbers on this scale, being the 
squares of those on that marked " lines" on the other side of the 
instrument ; for example : 

u2 
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Let it be required to enlarge a paraHdograni five timea Ha 
pramit area^ for which purpose the index division ahoold be aet 
against the 5 on the line of plana; then extend the abort poinla 
to the hei^t of the figure, the long points will indicate the 
length of that side five thnes greater ; in the same manner take 
the base of the figure^ whichy when drawn, will b6 five tinKa 
the area. 

And by revenaing the process A parallelogram will be drawn 
to j- of the former .area. 

• In any case of trian^tes^ by taking the lengiha of the aUea 
req^ectivefyy we obtain either enlarged or reduced, as abora 
ahown« 

Emngfh. Let it be required to Uy down a; trian^^ five 1^^ 
iiaarea. 

Extend ite short points 'the length of the base; reveiae the 
points^ and mark off the distance; then take the two sUea m 
like manner; describe arcs, and at the intenectkn'Anw As 
lines, which will complete the trian|^e as required. 

In like maimer, by reversing the points, it yqjSL be re- 
duced ^. 

For circles, as their areas are to one another as the squares 
of their diameters, we have only to take the radius, and the 
opposite points will indicate the radius either for an enlarged or 
a reduced area, as may be required. 

In using the line of solids. 

Let it be required to obtain the dimensions either of a cube 
or a sphere, which shall be five times the solidity, or, in other 
words, five times the weight of a given one of the same specific 
gravity. 

Example, The cube weighs one ounce ; then if the index be 
fixed at 5 on the line of solids, and the side of the cube be 
taken betAveen the short points, the larger points will show the 
side of a cube weighing five ounces ; and, as before shown in the 
line of plans, we have only to reverse the points in order to re- 
duce the solidity to ^. And in like manner for a sphere, it is 
only necessary to take its diameter to arrive at corresponding 
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results ; spheres being as the cubes of their diameters, and the 
numbers on the line of solids are the cubes of those on the line 
of " lines." 

THE BOX-SBXTANT. 

Fig. 3, Plate 36. This valuable little instrument should always 
be carried by the surveyor, as it wiU be found generally useful 
in filling in the details of small surveys, and particularly in 
railway practice. 

It is constructed on the same principle as Hadley's quadrant 
or sextant 

It is confined in its practice to level districts, and will only 
measure angles contained between two lines, which has been 
fully described in the use of the theodolite. It is used in mili- 
tary, naval, and astronomical operations. 

This instrument is enclosed in a brass box about three inches 
in diameter, and an inch and a half deep. The cover A is 
made to screw on to the lower part, which answers to hold the 
instrument when taking an angle ; on the top of the cover is 
engraved a table, No. 18, for calculating heights of buildings, 
trees, &c. 

The instrument, when in use, appears as in the drawing, the 
telescope H being drawn out ; it may be used without the tele- 
scope, by drawing the slide G over the hole at H. 

B is a silver arc or graduated limb, divided into degrees 
and 30 minutes; C is a bar having a vernier at the end, 
divided to read an angle to 1 minute, and moves on the gra- 
duated limb B by the milled screw D, which acts on a rack 
and pinion within ; attached to the end of the bar on the inside 
is a mirror, E, called the index glass, reflecting the distant object 
set up on the line and angle to be measured ; in the line of 
sight of the telescope, or small hole, is another glass, F, called 
the horizon glass, the upper half of which is. silvered, which 
must be adjusted perpendicular to the plane, and parallel to the 
plane of the index glass when the index is at zero. 

The eye end of the instrument has a dark glass, which slides 
over the hole, to be used when required particularly. 
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For astranomieal pturpoaeB^ there are two ooloitted gfunwi 
made to fold ikudde ; both shades togedier are pvoper for Ilia 
farigfatest son, and separately make two more^ so that two 
glasses make three phftdtt^. ' 

To adjust the sextant : Fix the aero on the vecmer to the 
pero on the graduated arc B ; look through the tdeaoope or 
Jiole and the muailvered part of the ^ass to some object that is 
sharp or perpendiciilar, as the an^ of a bnilding; if the te» 
fleeted object and the ressl object are m a perfect .8trai|^t Ime^ 
or coincide with one another minutetyi the a^nstment is^ aofi«v 
true. Then holding the instrpmeot ccmtrriry' Ways ^ 
}oqk thronj^ the hole or tdescope^ as before^ at an object liiiffe 
i$ level, as a window-ailly cogmg of a buildings Aa; if the M^ 
fleeted line and the real object cducide in a perfect 8tra]§^ 
]inBj the whole instTument is in a^giistiQent 

If in either esse the reflected end real object dp not Coin^ 
dde in a direct line^ the instrament is not in a^jnstoiflnt; iSnm 
(apply the key marked S^ which is screwed into the tqp tit 
safety, to a small square on the dde of the instrument (like 
to that where a watch is wound up), and turn it gentity until 
the line coincides ; this adjusts the mirror horizontally ; then 
apply the key to another square at the top, marked L, turning 
it gently till the line coincides as before, which will adjust the 
mirror vertically ; when these adjustments are made perfect, and 
the zeros coincide, the instrument is ready for observation* 

The key should always be returned to its place of safety. 

A small magnifying-glass, marked I, is attached to the top to 
read the angle more distinctly. 

To take an horizontal angle : Hold the sextant in the left 
hand, looking through the telescope or hole ; turn the screw D 
by the right hand, and bring the reflected object to coincide 
with the reflected object on the horizon glass F, and the mea- 
sure of the angle will be given on the graduated limb B, in the 
same manner as described by the theodolite. 

To take a vertical angle : Hold the instrument in the right 
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hand, and by the left turn the milled serew, until the reflected 
object is brought down to coincide with the mark or image of 
the lower object, and read the instrument as before ; to which 
add the height of the eye from the mark to the ground. 

The sextant being set to any angle contained in the table, any 
height or distance of accessible or inaccessible objects may be 
obtained in a very simple and expeditious manner. 

Make a mark on the object if accessible to the height of the 
eye ; set the index to any angle from the table, and advance or 
go backwards from the object, until, by reflexion, the top of 
the object is brought by the mirrors to coincide with the mark 
first made. If the angle be greater than 45^, multiply the dis- 
tance to the object by the number in the next column to the 
angle in the table ; if the angle be less than 45"" 00', then divide, 
and the result will be the height of the object from the mark ; 
to which add the height of the eye. 

If the object is inaccessible, set the index to the greatest 
angle in the table that the least distance from the object will 
admit of; make a mark as before ; move backwards and for- 
wards until the top of the object is reflected to the mark level 
with the eye. Then set the index to any of the lesser angles ; 
go back in a line with the object, until the top is made to 
appear on the level with the eye or mark before made ; fix here 
another mark ; measure the distance between the two marks set 
up ; this divided by the difference of the corresponding num- 
bers to the angles made use of, the quotient will be the height 
of the object from the mark ; to which add the height of the 
eye. 

If the index is set at 45°, the distance is equal to the height 
minus the height of the eye. 

Also to raise a perpendicular : Set the index at 90"^, holding 
the instrument steady over the point of the angle, and looking 
at the flag set up on the line on which the perpendicular is to 
be raised ; motion to the man to move gently (right or left), 
until his flag is reflected on the half mirror, and coincides 
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exMti&yintii the oliherflag; liken moiaoii to fbc the %g^ iiri^ 
irin be the peirpendieiilir lequiied. 

JPfate S7. The pr otrac to r b used to plot m^ tikn Iqr tihe 
Aeodolite or other mstroinuenfa^ or fbr measoimg w^^ dui* 
ne plotted, and tnnflfening theoL It ia divided in ihe aanie 
manner aa the limb of ihe theodolite. 

They are of variooa Idnda and eonatmctioiH-^Tii. the irray 
protract(nr A^ JFig S (aoch aa are generally in % caae of inatro- 
mentB)* 

The aemidrcolar braaa pr otrac to r B» about f^ 

The aemiciroiilar braaa protra cto r, l!ik inatrament on a> 
tenaiye aorveya ia not ao convenient aa lihe cueeolar, m IImi 
dividcma extend only to 180^, ao tibat to plot an^ betiHMBt 
180^ and S6(f it haa to be reveiaed. 

The wheel protractor, Fig. 5, ia a very naefol iitttrament ftr 
measuring aii^es; it is divided iato d^rees^ minntea^ and 
seconda The bar A is made to move round the centre, having 
two verniers ; attached to which are two protracting points, a, b, 
with adjustment screws, c, to bring the two points in a straight 
line passing through the centre ; by means of four fine pins it 
fixes itself firmly to the paper. All protractors should be en- 
graved with two rows of figures, numbered contrary ways ; to 
some protractors there is attached to the bar A a damp and 
tangent screws. 

To plot an angle taken fix)m the meridian. 

In surveys, when the angles are taken fi^m the meridian line 
or magnetic needle, the bevel edge of the protractor must al- 
ways be placed against the meridian line, marking the centre ; 
then prick off as many angles as may be convenient to that 
part of the survey, noting the number of the station and angle 
they read. Repeat the same in other parts of the map. (See 
Plate 22.) 
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To measure an angle contained between two lines. 

Place the protractor so that the bevel edge is against one 
of the lines and the centre at the station point or meeting of 
the two lines ; read the angle contained between SGO"", and the 
degrees intersected on the edge by the other line will be the 
angle required. 

THE VEBNIER. 

Figs. 4 and 5, Plate 36. The vernier or dividing plate, so 
called from ite inventor, Peter Vernier, a gentleman of Franche 
Comte. 

It has been commonly called nonius, from Pedro Nune25, or 
Peter Nonius, an eminent Portuguese mathematician, being 
very different from that of the vernier (the term nonius is not 
now used). 

The vernier is a scale made for the purpose of subdividing 
another scale into certain equal proportional parts to any degree 
of minuteness. 

The vernier is divided into equal parts, one more or less than 
the scale to which the vernier is attached. In the best instru- 
ments they vary in their minuteness or value. They are 
graduated, sometimes numbering right and left of zero ; and in 
others the numbers are continuous on one side zero. 

To find the value of a vernier. 

Find the value of each division or subdivision in degrees, 
minutes, seconds, &c., on the limb ; divide the quantity thus 
found by the number of divisions on the vernier, the quotient 
will be the value required. 

Example 1. The divisions on the lower limb are not sub- 
divided, each being equal to 60 minutes or 1 degree; the 
vernier has 20 divisions. 

Tlien 60 -T- 20 = 3 minutes, the valae to which the vernier reads 

Example 2. Each degree is divided into two parts, each part 
equal to 30 minutes ; the vernier is divided into 15 divisions. 

Tlien 30 -h 15 = 2 minutes value 
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Example 3. Each degree is subdivided into five parts, or 12 
minutes each ; reduce the minutes into seconds. 

ThuB: as 13 X 60 = 780 seconds, the Teniier has 24 divisions 
then 720 -?- 24 = 30 seconds yaloe 

Example 4. Each degree is divided into two parts, or 30 
minutes ; the vernier has 30 divisions. 

Then 80 — 30 =• 1 minute Tslne 

Example 5. Each degree is divided into six parts, or 10 
minuted each ; reduce the minutes into seconds ; the vernier has 
60 divisions. 

Then 10 x 60 = 600-^60 = 10 seconds Tslne 

Example 6. Each degree is divided into three parts, or 20 
minutes ; the vernier has 20 divisions. 

Then 20-7-20 = 1 minute Tslne 

The nature and use of the vernier is further explained. 

Let A B, Fig. 4, represent seven divisions or degrees on the 
limb, each divided into three parts ; therefore, in seven degrees 
there are twenty-one divisions. C D is the vernier or index, 
equal to seven degrees, divided into twenty equal parts ; it is 
evident that, since twenty of these answer to twenty-one on 
the limb, each one of these will exceed each on the limb by 
■^-Q part, by 1 minute ; therefore two on the vernier will exceed 
two on the limb by two minutes, three on the vernier by three 
minutes, and so on. 

In taking an observation, suppose zero on the vernier be 
found between the 23° and 23° 20', as shown in the figure ; then 
looking for the first coincidence of lines on the limb and vernier, 
you find it at the sixth division (marked thus *), therefore the 
angle reads 23 degrees 6 minutes. 

The two lO's in the vernier are the only two divisions that 
coincide at a time with the divisions on the limb, if the instru- 
ment is accurately divided. 

If the first line or index of the vernier has moved over a 
space less than half a division of the limb, then the coincidence 
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will be on the right hand of zero in the vernier ; if it has moved 
more than haU^ it will be found in the left hand ; if it is just 
hal^ the coincidence will be at 10'. This shows the reason why 
the beginning of zero is placed in the centre. 

Fig. 5. In the best instruments, the mode of figuring the 
vernier is usually adopted as shown by the drawing — which is, 
by taking nineteen divisions on the limb and dividing it into 
twenty parts for the vernier ; consequently, one division on the 
limb will exceed -^^ part on the vernier, reading all one way 
to the left. 

Beginning at zero, it will be found between 20 degrees 40 
minutes and 21 degrees ; then looking for the coinciding lines 
on the limb and vernier, it is found to be at the twelfth divi- 
sion on the vernier (marked thus *) ; therefore the angle reads 
20^ 52', that is, by taking 40 seconds on the first degree, and 
adding 12 minutes on the vernier. 

When the index or zero on the vernier coincides with any 
line on the limb, the angle is read at once ; as, for instance, the 
index of the vernier coincides with the line at 20, then it is 20 
degrees; if at the next line, it would be 20 degrees 20 minutes, 
and so on. As only one line on the vernier can coincide with 
another line on the limb, that line must decide the angle. 

In the best theodolites there are two verniers, and sometimes 
three ; the readings of each should be taken, and, if any dif- 
ference! the mean difference must be registered as the correct 
angle. 

THE PANTAGRAPH. 

Fig. 1, Plate 39. The original inventor of this useful instru- 
ment is not exactly known ; the earliest account is in a small 
tract, published about the year 1631, by the Jesuit Scheiner, 
entitled " Pantagraphice sive Ars nova Delineandi." The prin- 
ciples are self-evident to every geometrician; the mechanical 
construction was first improved by Mr. W. Jones, instrument 
maker, Holbom, in the year 1750. 
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Its chief value is in reducing figares, although it may }k i 
used in copying plans, &c., of the same scale ; it will also ( 
large, which ia never at any time recommended. 

The pantagraph is made of brass, Irom 12 incbea to 4 feet hi 
lengtJ), and consists of four flat bars, tivo of them long and two 
short The two longer ones are joined at the end A by a 
double pivot, which is fixed to one of the bars, and works in 
two holes placed at the end of the other ; under the joint is an 
ivory wheel, ta support this end of the instrument The two 
shorter bars are fixed by pivots at E and H, near the middle of 
the longer bam, and are also joined together in a suuilar nuui* 
ner at the other end, G ; ivory wheels being also fixed under 
each joint, marked a. 

liy the construction of this instrument the four bars always 
fonn a parallelogram. 

There is a sliding bos on the longer bar, B, and another on 1 
the shorter bar, D. These boxes may be fixed at any part of ' 
the bars by means of the milled screws ; each of the hoses are 
furnished with a cylindric tube, to carry either the tracdng 
pom^ tlie pendl, or f nknun. 

The folcrum or support, E, is a lead weight, to which Ja fixed 
ft bri^t iron pin, e ; on this the wh(^ instroment moves when 
in use. 

The peudl-hQlder, tracer, and fdlcmm, most in all caaea be 
in a right line^ as shown in the drawing marked h, so that when 
they are sot to any niunber, if a fine string be stretched over 
them, and tiiey do not coincide minutely, there is an emw 
dtbcr iu tike aetting or in the graduations. 

The long tube c^ which carries the pendl, moves eaoly up 
or down iu either tube; there is a fine piece of sdlk, /, fixed 
to the pendl tube, passing through the holes in the three small 
knobs to the tracer point d, where it may, if necessary, be 
fastened. By pulling this string the pencil is lifted up occa- 
siondly, aad thus prevented from making false or improper 
marks upon the copy. 
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Tlierc is a cup at the top of the pencil-holder for receiving 
an additional weight when required to make a stronger mark 
on the paper. 

The greatest possible nicety is required in fixing a short piece 
of pencil in the tube, so that when it is brought to a fine point, 
by revolving it in the tube, it should make a point, and not a 
cirde. This should be adjusted very truly before commencing 
to use the instrument. 

Fasten down upon a smooth board a sheet of paper under 
the pencil D, to receive the reduced plan, and fix the original 
plan under the tracer at C. 

Then, with a steady hand, carefully move the tracing point 
C over the outlines of the plan, and the pencil will describe 
exactly the same figure as the original, but half the size, or 
rather it is quarter the size, although half the scale. 

In the same manner for any other proportion, by setting the 
two sockets to the number of the required proportion. 

If the original should be so large that the instrument will 
not extend over it at one operation, on the original plan draw 
a line, or make three or four points, and mark the same also on 
the reduced plan. 

The fulcrum and copy may then be moved into such situa- 
tions as to admit copying the remaining part of the original, 
first observing that, when the tracing point is appUed to the 
lines or points marked on the original, the pencil must also fall 
on the corresponding lines and marks made on the copy. 

In very large plans, the better method is to divide the origi- 
nal plan into equal portions by lines, as much as the instrument 
can easily travel over, and make the copy on tracing paper first, 
then transfer it to the paper prepared for the reduced plan. 

As a general rule, the following instructions should be observed : 

On the two divided bars which carry the sliding tubes ap- 
propriated to the fulcrum and pencil, are usually 21 divisions ; 
those numbered j^, -^, up to ^, are to be used with the fulcrum 
in the tube B bar, the pencil in the D bar, the tracer being 
fixed at C. 
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The other fractions, -f, J, i, downwards to J-J, are ueed with 
the fulcrum at D, and the pencil at B. 

The above directions are to be followed when a plan is to be 
reduced ; but when it is required to be enlarged, the pencil and 
tracer must be changed. 

Example 1. It is required to reduce a plan in the ratio of 10 
to II. The fulcrmn at D being set to the divisions marked 10 
to 11, and the pencil at B at the corresponding division 10, 11. 

Example 2. It is required to reduce a plan to -\ of its size ; 
place the slide on each of the di\-idcd bars at \, the pencil 
placed in D slide, the fulcrum in B slide. 

Example 3. To copy the same size, but reversed, place the 
two sockets at 4, the fulcrum at D, and the pencil at B. 

Example 4. To reduce 6 chains to 8, place the two sockets 
at i, the fulcrum at D, and the pencil at C. 

Frequently plans have to be reduced when none of the divi- 
sions on the bars will answer the purpose ; then shift the sockets 
by repeated trials until the proi>er division is found, taking care 
always to prove that the three sockets are all directly in a right 
line. 

Where a mass of buildings has to be reduced, the proportional 
compass will be found to be a most valuable auxihary, 

THE KIDOGBAPH. 

Fig. 2, Plate 36. The construction of this instrument is dif- 
ferent to the pantagraph, but its use is similar. 

ABC, the three subdivided arms ; the pencil, D, has three 
small weights at top ; E, a fine silk cord from the tracer at G 
to the crank at F, which lifts the pencil when required ; H, the 
lead weight or fulcrum, on which the whole instrument moves ; 
I is an elastic cord attached to the two pulley wheels K and 
L ; M is a screw to regulate the elastic cord ; N is a movable 
slide, with a vernier or index plate ; a and 6 are two holes in 
the pulleys to set the divisions on the bars A and B. 

To set the instrument, to reduce, or enlarge to any required 
proportion. 
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Take the sum and difference of the fractional terms ; then, as 
the sum is to the difference, so is 100 to the number required, 
and to this number the arms and centre bar are to be set. 

For example. Let it be required to reduce one-third. 

3 + 1 = 4; 3-1 = 2; then as 4 : 2 :: 100 : 50 

The arm carrying the traxjer is to be lengthened to divi- 
rion 50. The centre bar is to be set to the division 50, on the 
pencil side of 0, and the arm carrying the pencil is to be 
shortened to division 50. 

The instrument thus set will give a tracing with the pencil 
one-third of the size of that traced by the tracer. This arrange- 
ment is to be reversed when the instrument is required to give 
an enlarged tracing of any subject. 

The only adjustment which may be put out is the parallelism 
of the bars passing under the wheels. This is to be corrected 
as follows : Place all the verniers to 0, and, with the arms at 
right angles to the centre bar, make a mark with the tracer 
and pencil points ; then wheel the instrument half round, and 
placing the tracer into the mark made by the pencil, the pencil 
should fall into the mark made by the tracer ; if it does not> 
half the error is to be corrected by letting out and taking up 
the spring passing over the wheels, by means of the screws in 
the middle of the wires. 

See Table, No. 17, for Reducing and Enlarging. 

H. 8. BIERRETT's patent IMPROVED QUADRANT.* 

Fig. 1, Plate 37. The simplicity and portability of this instru- 
ment will make it particularly useful to the surveyor or en- 
gineer where angles of inclination or declination are required 
for practical purposes, in the same manner as the theodolite. 

It is made of boxwood, having two arcs of 90 degrees, divided 
into degrees and half degrees, being sufficiently near for the 
purposes to which it would be required. 

There are two tables, Nos. 12 and 18, engraved on it. One 

* Tliis instramcnt can only be obtained of the author. 
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to ascertain the height of any object, as a building, tree, &c., 
according to the angles marked thereon, the same as the box- 
suxtant ; tlie other tabic is for shortening the hypothenusal line 
to the horizontal hne, when required in aun'ej-ing hilly districts, 
the same as the theodolite. 

There are also all the angles of slopes usually adopted in rail- 
way cuttings and embankments ; and may be apphed with great 
advantage by the engineer in setting out the widths of land in 
sloping ground, or in taking cross sections, and also in pro\-ing 
the accuracy of the slopes, and in measuring embanking and 
cuttings to ascertain the quantity of earthwork. 

It is governed in its operation by a spirit level on the top, 
having two sights, which may be used either for angles of 
acclivity or declivity. 

The arc is divided both ways. To read the angle of depres- 
sion, place the eye at a ; and for inclination, place the eye at 6. 

The drawing represents it fixed on a tripod, which is desirable 
when extreme accuracy is required ; but for ordinary purposes 
a rod, having a spike at one end, a ferrule at the other, about 
4' 6' high, in which it may revolve. The staff from which the 
angle is measured must be of the same height as the instrument. 

When taking an angle : first bring zero to the bevelled edge 
at d, and fix it by the clamp screw, c ; then, placing it on the 
tripod or rod, bring it to a level by the spirit bubble, and tiun 
the instrument a quarter round ; when adjusted, fix it in the 
position required by the screw e, then unclamp the screw c, and 
proceed to take the angle required. 

Fig. 1, Plate 38. To find the difference between the hj-po- 
thenuse and the base. 

First fix the Instrument at A and the staff at B, the angle is 
found to be 23 degrees, and the length 7 chains ; look in the 
table for the nearest angle, the next column will show the 
number of links to be deducted, equal to 8 links ; which, mul- 
tiplied by the length, gives 56 links to be deducted, as, 
700 - 56 = 644 links, the true horizontal measure from A to C. 
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In practice, such an inclination should be avoided. 

Fig. 2, Plate 40. To obtain a cross section. 

Adjust the quadrant as before described, and fix it on the 
centre line at A ; send the staff forward to B and C ; take the 
angles, and measure the distances as before described. 

If it be required to extend the section, then, without moving 
the instrument, take the angles, A D and A E, and their dis- 
tances ; this may be repeated any number of times, by which 
a very correct profile of the ground can be plotted. 

Fig. 3, Plate 40. To find the quantity of earthwork in an 
embankment. 

Fix the instrument at A, and adjust as before described; 
send forward a staff of equal height^ and fix it at C ; take the 
angle, and measure the distance in feet and inches (read the 
angle from the upper circle, it will be the complement of the 
angle A C D ; if the angle was read at C, take the lower circle). 

Plot the angle by the complement, and mark off the distance 
A C ; in like manner take the other slope, D I. 

Having the correct width of the formation level, A D, and 
the depth of the embankment, H G, from the longitudinal 
section, or from the permanent level book, the line F G C can 
be obtained very nearly, which will form the cross section, 
A C G F D, from which the area may be accurately calculated. 

The same method may be applied to the cuttings. 

It is also useful in proving the slopes whilst forming. 

By the same instrument the widths of ground on each side 
the centre line may be staked out also. 

Fig. 4, Plate 40. To determine the height of a building, 
monument, &c. 

Fix and adjust the instrument as before ; when perfectly 
level, make a mark on the building as at a ; take the angle, 
which is equal to 45 degrees, and measure the length of the 
base line from the centre of the instrument to the centre line of 
the monument, as shown by the dotted line at b ; plot the 
angle, and by the scale mark off the length of the base line ; 

s 
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raise a pcrpendiculnr from b ; meaaure by the Boak- from ft to 

c ; to which add the height from a to b, llie product will \w 

tlie height required. 

Jfnle.—la nil msm, when tlic aogle ia 15 Jfgree), tlic base i« equal to Uic 
bcigliC. 

Fig. 5, Plate 40. To find the height of a liuUding, Ac, when 
the same is inaccessible. 

First take the angle A B C = 26° 34 ; set up a mark at D 
level with the line A C ; measure the distance from A to D = 54 
feet ; then fix the instrument at D from the same level as A C, 
and measure the angle B D C = 63° 26', being the complement 
to A B C ; plot these angles, and from the intersection at B let 
&U a perpendicular to 6 ; by tlie scnlo measure the height B C ; 
to which add the height a b ; the sum will be the whole 
height 

The difference of the height a b, taken from the heiglit of 
the instrument at A, will give the inclination of the ground. 

Fiff. 6, Plate 40. To determine the height of a statue which 
is to be erected on a column at any altitude above the level of 
the eye. 

First draw the line A B, and, perpendicular to it, the line 
B E ; mark off the height of the column B D ^ 50 feet, and the 
length A B = 70 feet ; on the line B E mark off 6 feet at C, 
the height a statue would appear level vrith the eye. 

Draw the lines A C and A D ; then with the radius and 
centre, A, describe the arc abed; with the distance a b, mark 
off the same distance from c, d ; through c/, draw the line A rf E, 
intersecting the pei-pendicular line B E ; measure by scale the 
length D E = 9' 9', which will be the height req^uired for' a 
statue to appear by the visual angle as the natural height 

By the same rule, the height of the statue if erected may be 
ascertained, having the difference of the two angles at c and d ; 
transfer the same angles from a to (, and mark the height at c 
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COMPUTATION SCALE. 

Fig. 1, Plate 41. This scale is in fact two plotting scales, but 
divided different to the ordinary plotting scales, the chains 
counting right and left from the centre, and one side being 
double that of the other, purposely for calculating quantities, 
according to the rules given at page 57 for finding the area of 
a triangle. 

Before the introduction of the improved calculating scale, 
this was considered the most perfect system in obtaining a true 
quantity ; as, for example : 

Suppose the plan to be plotted to 4 chains to the inch, the 
irregular fences equalised, and the whole field brought into 
straight lines, and then into triangles and trapeziums. 

That part of the scale divided into 40 parts is applied to all 
the bases ; then, by applying the two zeros exactly on the base, 
and brought to the vertex of the triangle, the side that is 
divided into 20 parts gives half the perpendicular at once, in- 
stead of having to divide the whole perpendicular. 

When calculating a trapezoid, take the sum of the perpendi- 
culars and multiply by the base. 

DESCRIPTION AND USE OF THE IMPROVED COMPUTATION SCALE. 

Fig. 2, Plate 41. This scale is usually made to 3 chains to 
the inch. The drawing shows only a portion of the scale. The 
large figures from to 6, on the upper side, denote 6 acres ; 
and from 6 to 12, on the lower side, 12 acres ; each division is 
subdivided into 4 parts or 4 roods, and are numbered accord- 
ingly 1, 2, 3. The perches are engraved on the ivory scale 
attached to the movable metal frame, divided into 4 parts, 
each part equal in value to 10 poles ; each part is subdivided 
into 5, equal to 2 poles each. Those on the right hand read 
with the acres and roods on the upper part of the scale ; those 
on the left hand read with the acres and roods on the lower 
side of the scale. 

s2 
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Ttie transparent hom is fixed to the metal frame ; the htm- 
zontal linos engraved on it, parnllcl to the edge of the* scale, are 
one chain apart ; the vertical liiie is directly over the zero on 
tlic ivory scale, which divides the fence line between the two 
faonzontol lines ; and in like manner (lie two oblique lines are 
used to divide the fence lines that more immediately run in 
that direction, 

Wlien using the scale, first prepare a piece of tracing paper 
by drawing paruUel lines one chain apart ; lay the tracing 
paper so that any two lines touch two opjKisite corners of the 
field, as at A and B, Fig. 82, Plate G. Keep the tracing paper 
firiiUy fixed to prevent its shifting ; bring the vertical line to 
zero on the scale, a?id place tliat lini! on the fence at a, dividing 
it equally, taking care tlic two horixontal lines on the horn arc 
over the first two lines on the tracing pajwr; hold the scale 
firm, and move the metal frame to the left until the vertical Uiic 
equally divides the fence at 6 ; then move the whole, being 
careful not to move the metal frame ; then place the vertical 
line on the nest parallel hne at c, div-iding the fence as before ; 
hold tlie scale firm, and move the frame to d, dividing that 
fence equally ; so proceed on with eveiy parallel until the 
metal frame stops at 6 acres, which may be hi a part of the 
parallel line, as shown at C ; at this point make a mark on the 
tracing directly over the vertical line ; without moving the 
metal frame, bring the vertical hne to the fence at e, on the 
same parallel, and move the frame to the right hand to the 
mark made at C ; without touchuig the metal frame, bring the 
whole back to / and slide it to g, and so on to the last fence at 
h ; at this pouit read the quantity from the scale. 

Should the quantity exceed 12 acres, make a mark as before 
at C, and keep a memorandum, and then proceed as at the 
commencement, which must be added to the last quantity. 

The quantity as shown on the scale is the content of a field 
calculated on the upper side of the scale, 3a. 3b. 16p. ; but if it 
returned the reading on the lower side would be 6a. Os. 24p. ; 
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if the scale had been expended once before, then it would be 
16a. Ob. 24p., and so on. 

H. 8. MERRBTT's PATENT IMPROVED COMPUTATION SCALE.* 

Fig. 3, Plate 41. The difference between this and the last de- 
scribed scale is in making the same metal frame applicable to 
other scales, as 3, 4, 5 chains to the inch. 

For which purpose three scales, 3, 4, and 5, to the inch are 
divided in like manner, and made to fit the same metal frame, 
which is made to hold horns divided in like manner to their 
respective scales. 

Instead of the poles being divided on the ivory scale, as in 
the former example, they are divided on the scale with the 
acres, roods, and perches. 

The screw in the metal frame acts as a clamp. 

It is more desirable to divide the whole value of the scale 
to a decimal number, as 10 acres. 

In using these scales, remember always to keep the side C D 
of the metal frame for reading the quantities, that being a con- 
tinuation of the vertical line on the horn. 

It is used precisely in the same manner as before described. 

In all cases where accuracy is required the method described 
at page 68 and Fig. 83 is recommended as the best. 

Where very irregular boundaries occur the computation 
scales are then most desirable. 

THE DIAGONAL SCAIiE. 

Fig. 4, Plate 41. This scale is seldom used, excepting for 
large works requiring great accuracy. 

If the larger divisions be accounted as units, the first sub- 
division will be a tenth part of a unit, and the second, marked 
by the diagonal line upon the parallel lines, a hundredth part 
of a unit. 

* To be obtained only of the author. 
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But if we suppose the larger tli\T8ions to be tens, the first sab* 
divisions will be units, and the second tenths ; if the larger are 
hundreds, then will the first be tens and the second units. 

The numbers, therefore, 576, 57.6, and 5.76, are all expreft- 
sible by tJie same extent of the compasses; thus, setting odo 
foot in the number 5 of the larger divisions, extend the other 
along tlie sixth parallel to the seventh diagonal. 

For if tlie five larger divisions be taken for 500, seven of the 
fij^ subtlivisinns will lie 70, which, upon the sixth fKirallel 
taJdng in six of the second aubdivisions for units, make the 
whole number equal .576. 

Or if the five larger divisions be taken for five tens, or 50, 
seven of the first subdivisions will be seven units, and the six 
second subdivisions upon the sixth parallel vnM be six-tenths of 
a nnit. 

If the five larger divisions be only esteemed as five units, 
then ■will the seven first eubdi\'iaiona be seven-tenths, and the 
sis second subdivisions the aix-hundredth part of a unit. 

Example 1. To take off the number 4.79. 

Set one foot of the compasses on the point where the fourth 
vertical line outs the seventh parallel line, and extend the other 
foot to the point where the ninth diagonal cuts the seventh 
horizontal hne. 

Example 2. To take off the number 76,4. 

Observe the points where the sixth horizontal cuts the 
seventh vertical and fourth diagonal line ; the extent between 
these points will represent the number. 

In the first example, each primary division is taken for one ; 
in the second; it is taken for ten. 

Example 3. To lay down a line of 7.85 chtuns. 

Set one point of the compasses where the eighth parallel 
{counting upwards) cuts the seventh vertical line, and extend 
the other point to the intersection of the same eighth parallel 
with the fifth diagonal 

Set off the extent of 7.85 thus found on the line. 
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Example 4. To measure by the diagonal scale a line that is 
already drawn. 

Take the extent of the line in the compasses, place one foot on 
the first vertical line, that will bring the other foot among the 
diagonals ; move both feet upwards until one of them falls into 
the point where the diagonal from the nearest tenth cuts the 
same parallel as is cut by the other on the vertical line ; then 
one foot shares the chain, and the other the hundredth part, or 
odd links. Then if one foot is on the eighth diagonal of the 
fourth parallel, while the other is on the same parallel, but 
coincides with the twelfth vertical, we have 12 chains 48 links, 
or 12.48 Imks. 

PLOTTING SCALES. 

Plotting scales are made either of ivory or boxwood : the 
ivory is preferable, the divisions being clearer ; they are gene- 
rally 12 inches long, and are distinguished by the number of 
chains to the inch ; they are numbered numerically, and sub- 
divided into 10 parts, each part equal to 10 links. 

There should never be two scales on the same ivory, and the 
zeros always at the same end ; the scale can then be used right 
or left. 

It is required frequently to have a scale of feet ; those scales 
should be separate from the general plotting scales. It will be 
found convenient to have a set of 6-inch scales, similar to Fig. 1, 
Plate 41, also a set of off-set scales, with zero in the middle. 

STRAIGHT EDGE, 

However simple it may appear, it is very difficult to obtain 
a straight edge, or long rule, of great length. It is one of the 
most unportant parts on laying down the principal lines of an 
extensive survey ; equal to that in chaining a straight line in 
the field. 

To prove the accuracy of a straight edge before using it, 
lay it on the paper prepared for the survey, fix two needles, 
place the edge agaiiist them and draw a very fine pencil line, 
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martc on it the place of the needles, then reverse the rule, and 
draw another line ; if correct, there will be a parallel line equal 
the thickness of the needles. When it is not in use it should be 
hung up out of the sun or draughts of wind, both having an 
influence to make it imperfect. 

By stretching a fine thread from point to point will ako 
prove a line, but there is much difficulty in pricking off a line 
from a thread ; under all circumstances, a steel straight edge ia 
preferable. 

THE LEVEL STAFF. 

Fig. 4, Plate 38. The best staves for strength and accuracy are 
those that are made solid, about 16 or 18 feet long and about 
•Jj inches wide, divided into three lengths for convenience of 
carriage, having two strong ferrule joints, the bottom shod with 
iron. 

Each foot is divided in 10 parts, and each part into 5 equal 
or two hundredths, which are alternately painted black and 
white. 

Every -^^^ are changed from right to left ; the figures de- 
noting feet are painted red, or by a circle, as large as the stafl:' 
will admit, leaving the figure white. 

The staff should be made thicker in the middle and gradually 
diminish, most at the top, and made of suflicient strength to 
prevent its bending in windy weather, as in taking the levels 
very frequently considerable difference is made by the curva- 
ture of the stafl^, wliich cannot be detected by the person taking 
the levels : a slight staff is at all times ol)jectionable. 

THE SECTOR. 

Fig.^. 5 and 6, Flute 41. Amidst the variety of mathematical 
instruments that have been contrived to facilitate the art of 
drawin^^ there is none so extensive in its use, or of such general 
a])i)lication, as the sector. 
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It is a universal scale, uniting, as it were, angles and parallel 
.ines, the rule and the compasses, which are the only means 
used in geometry for measuring, whether in theory or prac- 
lice. 

The real inventor of this valuable instnmient is unkno^vn, 
yet of so much merit has the invention appeared, that it was 
claimed by Galileo and disputed by nations. 

This instrument derives its name from the tenth definition of 
the third book of Euclid, where he defines the sector of a 
circle. 

It is formed of two equal rules, called legs. These legs 
are movable about the centre, C, of a joint, d e f^ and will, 
consequently, by thdr diffbrent openings, represent every pos- 
sible variety of plane angles. The distance of the extremity 
of these are the subtenses or chords of the arches they de- 
scribe. 

Sectors are made of diflFerent sizes ; it is denominated by 
the length of the sector when shut. Those usually placed in 
a case of instruments are 6-inch sectors. The most perfect 
are made of brass; the larger it is the more correct. Two 
sectors in many cases are exceedingly useful, if not absolutely 
necessary. 

The sectoral lines or scales. Fig. 3, are graduated from the 
centre, and are — 1. Two scales of equal parts, one on each leg, 
marked lin, or L ; each of these scales, from the great exten- 
siveness of its use, is called the line of lines. 2. Two lines of 
chords, marked cho, or C. 3. Two lines of secants, marked 
SBC, or S. A line of polygons, marked pol. Upon the other 
face, Fig. 4, the sectoral lines are — 1. Two lines of sines, 
marked sin, or S. 2. Two lines of tangents, marked tan, or T. 
3. Between the line of tangents and sines there is another line 
of tangents to a less radius to supply the defect of the former, 
and extending from 45° to 75°. 

Each pair of these lines (except the line of polygons) is so 
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adjusted as to make equal angles at the centre, and consequently 
at whatever distance the sector is opened the angles will always 
be respectively equal; that is, the distance between 10 and 10 
on the line of lines will be equal to 60 and 60 on the line of 
chords, 90 and 90 on the line of sines, and 45 and 45 on the 
line of tangents. 

Beside the sectoral scales, there are others on each face placed 
parallel to the outward edges, and used as those of the common 
pl^ scales. 

There are on the face of Fig. 3 : 1. A line of inches. 2. A 
line of latitudes. 3. A line of hours. 4. A line of inclination 
of meridians. 5. A line of chords. 

On the face of Fig. 4^ three logarithmic scales — ^namely, one 
of numbers, one of sines, and one of tangents ; these are used 
when the sector is fully opened, the legs forming one line. 

To read and estimate the division on the sectoral lines. 

The value of the divisions on most of the lines is determined 
by the figures adjacent to them ; these proceed by tens, which 
constitute the divisions of the first order, and are numbered ac- 
cordingly ; but the value of the divisions on the line of lines 
distinguislied by figures is entirely arbitrary, and may repre- 
sent any value that is given to tlieni ; hence the figures 1, 
2, 3, 4, &c., may denote either 10, 20, 30, 40, &c., or 100, 200, 
300, and so on. 

The line of lines is divided into ten equal parts, 1, 2, 3, to 
10 ; these may be called divisions of the first order ; each of 
these are again subdivided into ten other equal parts, which 
may be called divisions of the second order ; and each of these 
is divided into two equal parts, forming divisions of the third 
order. 

The divisions on all the scales are contained between four 
parallel lines ; those of the first order extend to tlie most distant, 
those of the third to the least, and those of the second to the 
intermediate parallel. 
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When the whole line of lines represents 1 00, the divisions of 
the first order, or those to which the figures are annexed, repre- 
sent tens ; those of the second order, units ; those of the third 
order, the halves of these units. If the whole line represents 
ten, then the divisions of the first order are units ; those of the 
second, tenths ; and the third, twentieths. 

In the line of tangents, the divisions to which the numbers 
are affixed are the degrees expressed by those numbers ; every 
fifth degree is denoted by a line somewhat longer than the rest ; 
between every number and each fifth degree there are four 
divisions longer than the intermediate adjacent ones; these are 
whole degrees ; the shorter ones are those of the third order, or 
30 minutes. 

From the centre to 60 degrees the line of sines is divided 
like the line of tangents ; from 60 to 70, it is divided only to 
every degree ; from 70 to 80, to every two degrees ; from 80 to 
90, the divisions must be estimated by the eye. 

The divisions on the line of chords are to be estimated in the 
same manner as the tangents. 

The lesser line of tangents is graduated every t>vo degrees 
from 45** to 50°, but from 50 to 60 to every degree, from 60 to 
the end to half degrees. 

The line of secants from to 10 is to be estimated by the 
eye ; from 20 to 50, it is divided to every two degrees ; from 
50 to 60, to every degree; and from 60 to the end, to every 
half degree. 

Of the general law or foundation of sectoral lines. 

Let C A, C B, Fig. 7, Plate 41, represent a pair of sectoral 
lines (ex gr. those of the line of Unes) forming the angle 
A C B ; divide each of these lines into four equal parts in the 
pomtsHDFA, lEGB; draw the linesHI, DE, FG, AB; 
then, because C A, C B are equal, their sections are also equal, 
the triangles are equiangular, having ,a common angle at C and 
equal angles at the base; and therefore the sides about the 
equal angles will be proportionals, for as C H is to C A so is 
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H I to A B, and, therefore, as CA istoCHsoisABtoHI, 
and, consequently, as CH is to HIso isCAtoAB; and 
thence, if C H be one-fourth of C A, HI will be one-fourth of 
A B, and so on of all other sections. 

Hence, as in all the operations on the sectoral lines, there are 
two triangles, both isosceles and equiangled ; isosceles because 
the pair of sectoral lines are equal by construction, and equi- 
angled because of the common angle at the centre; the sides 
encompassing the equal angles are, therefore, proportional 

Hence, also, if the lines C A, C B represent the line of chords, 
sines, or tangents — ^that is, if C A, A B be the radius, and the 
line C F the chord, sine, or tangent of any proposed number of 
degrees, then the line P G will be the chord, sine, or tangent of 
the same number of degrees to the radius A B. 

Of the general mode of using sectoral lines. 

It is necessary to explain in this place a few terms either used 
by other writers in their description of the sector, or such as we 
may occasionally use ourselves. 

The solution of the question on the sector is said to be simple 
wlien the work is begun and ended on the same line; com- 
pound, when the operation begins on one line and finishes on 
the other. 

The operation varies also by the manner in which the com- 
passes are applied to the sector. If a measure be taken on any 
of the sectoral lines beginning at the centre, it is called a lateral 
distance ; but if the measure be taken from any pomt in one 
line, to its corresponding point on the line of the same denomi- 
nation on the other leg, it is called the transverse or parallel 
distance. 

The divisions of each sectoral line are bounded by three 
parallel lines; the innerniost of those is that on which the 
points of the compasses are to be placed, because this alone is 
tlie line which g'oes to the centre, and is alone, therefore, the 
sectoral line. 

We >\vd\\ now proceed to ^ive a few general instances of the 
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manner of operating with the sector, and then proceed to prac- 
tical geometry, exemplified in the progress of the work. 

Mutdplication of the Line of Lines. 

Make the lateral distance of one of the factors the parallel 
distance of 10, then the parallel distance of the other factor is 
the product 

Example. Multiply 5 by 6. Extend the compasses from the 
centre of the sector to 5 on the primary divisions, and open the 
sector until the distance becomes the parallel distance from 10 to 
10 on the same divisions ; then the parallel distance from 6 to 6 
extended from the centre of the sector shall reach to 3, which is 
now to be reckoned 30 ; at the same opening of the sector the 
parallel distance of 7 shall reach from the centre to 35 ; that of 
8 shdl reach from the centre to 40, &c. 

Division by ilie Line of Lines. 

Make the lateral distance of the dividend the parallel distance 
of the divisor, the parallel distance of 10 is the quotient. 

Thus, to divide 30 by 5, make the lateral distance of 30 — 
viz. 3 on the primary divisions the parallel distance of 5 on the 
same division ; then the parallel distance of 10 extended from 
the centre shall reach to 6. " 

Proportion by the Line of Lines. 

Make the lateral distance of the second term the parallel dis- 
tance of the first term ; the parallel distance of the third tenn 
is the fourth proportional. 

Example. To find a fourth proportional to 8, 4, and 6. 

Take the lateral distance of 4, and make it the parallel dis- 
tance of 8 ; then the parallel distance of 6 extended from the 
centre shall reach the fourth proportional, 3. 

In the same manner a third proportional is found to two 
numbers. Thus : to find a third proportional to 8 and 4. 

The sector remaining as in the former example, the parallel 
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distance of 4 extended from the centre shall reach to the third 
proportional, 2. 

In all these cases, if a number to be made a parallel distance 
be too great for the sector, some aliquot part of it is to be 
taken, and the answer multiplied by the number by which the 
first number was divided. Thus : if it were required to find a 
fourth proportional to 4, 8, and 6, because the lateral distance 
of the second term 8 cannot be made the parallel distance of 
the first term 4, take the lateral distance of 4, viz. half of 8, and 
make it the parallel distance of the first term 4 ; then the 
parallel distance of the third term 6 shall reach from the centre 
to 6, viz. half of 12. Any other aliquot part of a number may 
be used in the same way. In like manner, if the number pro- 
posed be too small to be made the parallel distance, it may be 
multiplied by some number, and the answer divided by the 
same. 

To Protract Angles hy the Line of Chords. 

Case 1. When the given degrees are under 60. 

1. With any radius A B (Fig. 8, Plate 41), on A as a centre^ 
describe the arc B G. 

2. Make the same radius a transverse distance between GO 
and 60 on the line of chords. 

3. Take out the transverse distance of the given degrees, and 
lay this on the arc from B towards G, which will mark out the 
angular distance required. 

Case 2. When the given degrees are more than 60. 

Open the sector and describe the arc as before ; take -J- or \ of 
the given degrees, and take the transverse distance of tliis \ or \ ; 
lay it off' from B towards G twice, if the degrees were halved ; 
tliree times, if the third was used as a transverse distance. 

Cdse 3. When the required angle is less than 6 degives. 

Sup])ose 3 : 1. 0])on the sector to the given radius, and do- 
scribe the arc as before. 2. Set off' the radius from B to C. 
3. Set off' the chord of 57 degrees backwards from C to /* 
Avliica Avill give tlie ai*c f W of tlirco degrees. 
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Some uses of the Sectoral Scale of SineSy Tangents^ and Secants. 

Given the radius of a circle (suppose equal to 2 inches), re- 
quired the sine and tangent of 28° 30' to that radius. 

Solution. Open the sector so that the transverse distance of 
90 and 90 on the sines, or of 45 and 45 on the tangents, may 
be equal to the given radius, viz. 2 inches ; then will the trans- 
verse distance of 38° 30', taken from the sines, be the length of 
that sine to the ^ven radius ; or if taken from the tangents, 
will be the length of that tangent to the given radius. 
But if the secant of 28° 30' was required ? 
Make the ^ven radius, 2 inches, a transverse distance to 
and 0, at the beginning of the line of secants ; and then take 
the transverse distance of the degrees wanted, viz. 28° 30'. 
A tangent greater than 45° (suppose 60°) is found thus : 
Make the given radius (suppose 2 inches) a transverse dis- 
tance to 45 and 45 at the be^ning of the scale of upper 
tangents ; and then the required number 60° 00' may be taken 
from this scale. 

The scales of upper tangents and secants do not run quite to 
76 degrees ; and as the tangent and secant may be sometimes 
wanted to a greater number of degrees than can be introduced 
on the sector, they may be readily found by the help of the 
annexed table of the natural tangents and secants of the degrees 
above 75 ; the radius of the circle being unity. 

Measure the radius of the 
circle used upon any scale of 
equal parts. Multiply the 
tabular number by the parts 
in the radius, and the product 
will give the length of the 
tangent or secant sought, to 
be taken from the same scale 
of equal parts. 

ExamjjU. Required the 
length of the tangent and se- 



Degrees. 




Nat Becant 


76 


4.011 


4.133 


77 


4.331 


4.445 


78 


4.701 


4.810 


79 


5.144 


5.241 


80 


5.671 


5.759 


81 


6.314 


6.392 


82 


7.115 


7.185 


83 


8.144 


8.205 


84 


9.514 


9.567 


85 


11.430 


11.474 


86 


14.301 


14.335 


87 


19.081 


19.107 


88 


28.636 


28.654 


89 


57.290 


57.300 



/ 
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cant of 80 d^roes to a drde^ -wboae ndii]% meaBiired on a 
scale of 35 parts to an inch^ la 47-|> of those parts? 



AgiOiisI SqP itHids » . . 6.en 5.759 

nomdiiiis 4irM 47J 



SSTSS 

soser 40S18 

S8684 98086 



969J79i 978J595 

So liie kngth of Ae tangent on ihe twentf-fire scale will be 
269^ and ihat of the secant aboirt37Si. Or thus: the tangent 
of any number of degrees maj be takm from the sector at once, 
if the radins of the circle can be made a transverse distance to 
the complement of those degrees cm the lower tangent 

Exanyple. To find the tangent of 78 degrees to a radins of 
3 inches. 

Make 2 inches a transveme distance to 13 degrees on the 
lower tangents ; then the transreiae distance of 45 d^rees will 
be the tangent of 78 degrees. 

In like manner the secant of any number of degrees may be 
taken from the sines, if the radius of the circle can be made a 
transverse distance to the co-sine of those degrees ; thus making 
2 inches a transverse distance to the sine of 1 2 degrees ; then 
the transverse distance of 90 and 90 will be the secant of 78 
degrees. 

From hence it will be easy to find the degrees answering to 
a given line, expressing the length of a tangent or secant, which 
is t^oo long to be measured on those scales when the sector is set 
to the given radius. 

TTius^ for a Tangent^ 

Make the given line a transverse distance to 45 and 45 on 
the lower tangents, and take the given radius and apply it to 
the lower tangents, and the degrees where tliey become a trans- 
verse distance will be the co-tangent of the degrees answering to 
tlie given. line. 
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And for a SecafUj 

Make the given line a transverse distance to 90 and 90 on 
the sines ; then the degrees answering to the given radius, ap- 
plied as a transverse distance on the sines, will be the co-sine of 
the degrees answering to the given secant line. 

Given the length of the sine, tangent, or secant of any number 
of degrees, to find the length of the radius to that sine, tangent, 
or secant. 

Make the ^ven length a transverse distance to its given de- 
grees on its respective scale ; then, 

In the sines, the transverse distance of 90 and 90 will be the 
radius sought 

In the lower tangents, the transverse distance of 45 and 45 
near the end of the sector will be the radius sought 

In the upper tangents, the transverse distance of 45 and 45, 
taken towards the centre of the sector on the line of the upper 
tangents, will be the centre sought 

In the secant, the transverse distance of and 0, or the be- 
ginning of the secants near the centre of the sector, will be 
the radius sought 

Given the radius, and any line representing a sine, tangent, 
or secant, to find the degrees corresponding to that line. 

Solution. Set the sector to the given radius, according as a 
sine, or tangent, or secant is concerned. 

Take the given Uiie between the compasses, apply the two feet 
transversely to the scale concerned, and slide the feet along 
until they both rest on like divisions on both legs ; then will 
those divisions show the degrees and parts corresponding to the 
given line. 

To find the length of a versed sine to a given number of 
degrees and a given radius. 

Make the transverse distance of 90 and 90 on the sines equal 
to the ^ven radius ; take the transverse distance of the sine 
complement of the given degrees. If the given degrees are 
less than 90®, the difference between the sine (complement and 

T 
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thi! radius gives the versed sine. If the given degrees are more ] 
than 00°, the sum of tlit: sine coiiiplenient and the radius give J 
tlie versed sine. 

To open the legs of the sector, so that the corresponding j 
double scales of lines, chords, sines, and tangents may make 
each ft right angle. 

On the lines. Make the lateral distance 10 a distance be- 
tween eight on one leg and six on the other leg. 

On tlie sines. Make the lateral distance dO a transverse j 
distance from 4.5 to 45, or from 40 to 50, or from 30 to 60, I 
or from the sine of any number of degrees to their comple- I 
ment. 

Or on the sines. Make the lateral distance of 45, or tmns- | 
verse distance between 30 and 30. 
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TABLE I. 

LOGARITHMS OF NUMBKRS. 

£xPLi.NATION. 

The fint ooluinn shows the number. 

The second column the logarithm to that number. 

The third column shows the difference between tlie two logarithms adjoining. 
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0.1100000 
0,301030 
0.4771 SI 
O.fiOSOKI 

o.nsui 

0.8151H)8 
0,903090 
0.9S13I3 
1.000000 

1.0H393 

i-oruisi 

LI 1 sou 
l.lilllSS 
1.1700H1 

i.80«ao 
i.asoMO 

l.g6&27» 

1.878754 
1.301030 

ISSiil'J 
1 .Ui*iA 

1.3r>I7^S 
1, 380311 
1.397940 

1.4U973 
1.431364 
1,447168 
1.463398 
1.477131 

1,401368 

1,506150 
1.S18S14 
1.531*79 
1.64406S 

1.566303 
1,S6S808 
1.579784 
1.591065 
1.608060 

1.61 S7S4 
1.683849 
1.633468 
1.643453 

1.653813 

1.668763 
1.678098 
1,681841 
1.690196 



1,707570 
1,716003 
1.78*976 
1,7S3394 
1,740363 

1.74S1S8 
1.755875 
1.76348.'^ 
1.T70853 
1,778151 

1.79S3SO 
179839S 

1.79SS*1 



1.810544 
1.886075 
1.838&oe 



i.esisss 

1.857833 
1.863383 
1.S69338 
1.876061 

1.8B0914 
1,886*91 
1,S9S095 
1.897637 
1.903090 

1,909*86 
1.913814 
1.919078 
1.98*370 
1.989*19 

1.93*498 
1.939519 
1.9*4483 
1-949390 
1.951813 

1,950041 

1.963788 
1,968*83 
1.973128 
1.977784 

1,982871 



8.00433! 
9.00S600 
9.018S3r 
3.017033 
3,081189 

8.085306 
8.089384 
8.033184 
8.037486 
8.0*1303 



3.064158 
8.068186 
8.071883 
3.075647 
8.0^9181 

S.0827S5 
8.086360 

8.089905 
8.003488 

8.096910 

8.100371 
2.103804 
8.107310 
8.110500 
8.113943 

fl.117271 

3.12llfi74 
2.123868 
8.137105 
8.130334 

2.133630 
3.136781 
8.139879 
S.143015 
8.146133 

2.149819 
3.1582S8 
8.155.^36 
8.15S362 
8,161368 

8,16*353 

8.167317 
B. 170262 
3.173IS6 
3.176091 



48(9 
4837 
41% 
1156 



407S 
4040 
4008 
3067 



3895 

3880 
8887 
3793 
3760 
3788 
3698 
3665 
3634 
3604 

3674 
3545 
3S17 
3433 



3*33 
3*06 
S380 
3353 



3305 
3188 
3158 
3136 
3113 



3048 
3026 

3006 



8964 
8945 

8984 
3905 
9386 



LOOARlTimS OF SUMBER9. 



i-» 



Log. 



8.178977 
S.1S1S41 
8.18+691 
3.187531 
3.100338 

8.193185 
S.I9S900 
S.198eS7 
3.301397 
3.304130 



S.309S16 
3.313188 
3.31 48M 
3.317481 



3.323716 
8.385309 
8.327887 
3.330449 

3.338996 
8.33SS3B 
3.33S046 
2.8U549 
S.34303B 

3.S45S13 
3.547973 
3.350420 
3.3688G3 
8.355373 

3.357679 
8.360071 
8.SS3451 
8.364S1S . 
3.367178 

3.369513 
3.371S49 

3.374153 
8.376463 

3.27S7G4 

8.3S1033 
S.8S3301 

S.3SS5S7 



3.393356 
3.394466 

S.3966G5 
a.3<lSS53 



3673 
3656 
3640 
3634 

3608 
8593 

857S 



3538 

3S1S 
3503 



3460 
3447 
3463 

3480 



3393 

S3S0 

8;w 

3354 



2316 
3304 
3393 
3279 
8268 
3356 
2315 
3233 



8.303196 
2.305351 

2.307496 
8.309630 
3.311751 

3.313867 
3.315070 
2.3180G3 
3.33U116 
3.333219 

8.334383 

3.386336 
8.33S3SO 
2.330414 
3.3384:38 

3.334154 

3.336160 
3.338456 
3.340444 
3.348433 

3.314398 
3.316353 
3.348305 
8.350248 
3.358183 

8.354108 

3.356036 
2.357935 
3.350S35 
3.361738 

8.363618 
3.3654SS 
3.367356 
3.369316 
3.371063 

3.372918 
3.374748 
3.376577 
3.37S398 
3.380211 

3,383017 
2.383815 
2.385606 
3.387390 
3.389166 

2.390935 
3 392697 
3.394453 
3.396199 
8.397910 



3073 
2063 
8051 

soil 

8034 
8021 
8016 
3006 
1996 
1088 
1979 



1918 
1909 
1900 
1803 



3.399674 
3.401 iOl 
8,403181 
3 104S34 
2.406510 



3.409933 
3.411630 
3.113300 
3.414973 

3.416611 

2.418301 
3.419056 
2.421601 
2.483246 

8.434883 
3.436511 
3.428135 
S.429753 
8.431364 

3.139969 

2.434560 
8.136163 
3.437751 
8.439333 

3.140909 

2.1421S0 
2.444045 
2-445604 
3.147158 

8.448706 
3.450349 
2,151786 
3.153318 

2.154845 

3.456366 
2,457883 
3.450392 
2.460S08 
8.462398 

8.463893 
8,465383 
2.466368 
2.468347 
S.469S22 

2.471293 
2.472756 
2.4748)6 

3,475671 
2.477131 



1737 
1720 
1713 
1706 



1693 
1687 
1680 
1673 



1660 
1665 
1648 

1648 



1634 
1618 
1611 
1605 
1600 
1504 
1583 
1588 
157(1 
1571 
1565 
1559 
1654 
1648 
1543 
1637 
1633 
1627 
1521 
1516 
1610 
1506 
1600 



1490 
14S5 
1479 
1475 



1161 
1160 
1455 
1160 
IMS 
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3.17S&66 
8.480007 
t.4814«3 
S.489S71 
S.484300 

S.485731 
9.487188 
8.4S8S61 
9.4SWG8 
S.49I369 

9.4997<0 
2.4B4165 
3.495544 
9.496930 
9.49S311 

S.4B9687 
9.601 OSB 
9.E09497 
9.503791 
9.50E1H) 

9.G06609 
S.5078&8 
9.S09303 
S.510G4S 
S.G11B8S 

9.513918 
9.514548 
9.515874 
9.517196 
8.518614 

S.G1989S 
9.G811SS 
9.592444 
9.533746 
9.S960U 

9.636SS9 
9.G37630 
3.528917 
9.530900 
9.631479 

8.539754 
8.534036 
9.535394 

9.536668 
8.5378X9 

8.539076 
3.540399 
3.541579 
8.549825 
3.644068 



1373 
1368 

1364 
13GB 



1330 
1336 
1333 
1318 



8.546307 
8.54654S 
9.G47775 
8.64900S 
3.&5029S 

9.GS14SO 
9.5S3668 
9.SS3SSS 

3.GS5094 
3.556303 

9.GS7G07 
S.5S8709 
9.559907 
8.561101 
8.G68293 

8.663461 . 
3.664666 
3.G65S48 
8.567096 
3.G68203 

8.569374 
9.570643 
3.571709 
8.579873 
9.574031 

S.G7G188 
3.576341 
3.577499 
9.578689 
3.579784 

9.G80995 
8.589063 
3 583199 
3-584331 
3.586461 

S.G865S7 
9.687711 
3.688839 
9.589950 
9.501065 

2.69S177 
2.593286 
9.G94393 
9.595496 
2.596597 

3.597605 
9.G08791 
3.590683 
8.600973 
9.602060 



1308 
1193 
1194 
1199 

1189 
1183 
1133 
1178 
1176 
1173 
1169 
1166 
1163 
1169 



1163 
1151 
1147 
1144 



1138 
1136 
1133 
1130 



1134 
1181 
1118 
1116 



9.603144 
8.604336 
9.606305 
3.606381 
9.607466 

S.60869S 
9.609GM 
3.610660 
9.611796 
8.619784 

3.613848 
8.614S97 
3.6159S0 
8.617000 
9.618048 

S.619DBS 
9.690136 
8.691176 
9.692314 
3.633949 

3.694389 
8.635318 
3.686340 
8.897367 
3.638389 

9.699410 
9.630498 
8.631444 
3.632457 
3.633468 

9.634477 
3.635484 
3.636488 
3.637400 
3.G3S489 

8.639486 
3.640481 
9.641474 
3.642465 
9.643453 

3.644439 
2.645439 
9.646404 
8.647383 
9.648360 

9.640335 
3.650307 
8.651978 
3.662946 
9.653813 



1079 
1078 
107* 



1068 
1066 
106S 
1061 



106G 
105S 
105O 
1048 



104S 
1040 
1038 
1036 



1030 
1098 
1026 
1033 
1031 
1018 
1016 
1013 
1011 
1006 
1007 
1001 
1003 



975 
979 



LOGARITHMS Of KUHBERS. 



Log 



Log- 



Lotr. 



S.654177 

a.essiss 

2.657056 
S.65S011 

S.6589Q5 
2.G59<J16 
3.600805 
2.GG1S13 
8.002758 

9.663701 
8,664043 
8.C65581 
S.66GS1S 
3.667153 

9.6683SS 
8.669317 
3.670246 
2.671173 
3.672098 

9.673031 
8.673943 
2.674S61 
2.675778 
S.67(JC94 

9.677607 

9,678518 
2.679^38 
2.6S0336 
8.061311 



S.69983S 
2.700704 
8,701568 
8.703431 
2.703391 

2.704161 
3.705008 
9.705864 
2.706718 
3.707570 

9.708431 
2.703270 
2.710117 
8.710963 
3.711807 

3.713660 

2.713491 
2,714330 
3,715167 
3.716003 

3.716838 
2.717671 
3,718503 
3.719331 
3.7^0169 

9.730986 
3.7218U 
8.733634 
3.733456 
3.734376 

9.735095 
3.735913 
3.736727 
9.737541 
3.723364 



2.734800 
3.735599 
2.736397 

3.737193 

2-737987 
8.738781 
8.739573 
8.7403G3 



2.741153 
3.741039 
3.742725 
8.743510 
8.744393 

3.745076 
9.745856 
3.746534 
3.747412 
3.748188 

2.748963 
3.749736 
8.75OBO8 
2.751879 
3.759048 

3.753816 
3.753583 
9.754348 
3.756112 
3.755875 

2.756636 
3.75739G 
3.758155 
8.758913 
2.760668 



8-7641 76 
3.764933 
3.765669 
9 76G113 
3.7671S6 

3.767893 
3.768638 
3.769377 
3.770115 
3.770858 

3.771587 
9.773399 
9-7730B5 
3-773786 
8-774517 

8.775946 
8.775974 
8,776701 
8,777437 
8.773151 



75a 
7U 
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TABLE V. 

Tables for calculating GQltines and Embankments 1 chain or 66 feet in lengthy 

Slopes 1 to 1, and Breadth 1 foot. 
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Attxiliakt to Tible V.— 


The Difference 


in Dube Tordi la be added to the niopts. 


Dm: 
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08 


1791.16 


130 


3449.59 


17 


6SS7 


ss 


616.90 


93 


1761,83 


181 


3496.76 


IS 


C0.0O 


66 


688.81 


H 


1700,93 


133 


8519.33 


19 


73.6i 


67 


U1.88 


95 


1838.43 


133 


3603 31 


90 


61.18 


68 


68S,S6 


M 


1877,33 


134 


8687,70 


SI 


B0.S8 


69 


709.09 


97 


191665 


135 


3719.60 


at 


os.sg 


flO 


733-33 


98 


19S6,37 


136 


3767.70 


83 


107,76 


ei 


757,98 


99 


199G,B0 


137 


3S93.SI 


S4 


11783 


69 


783.M 


100 


aa'j7,0i 


138 


8879 93 


S5 


187-31 


63 


808,60 


101 


3077.98 


isy 


3936.76 


SA 


137.70 


61 


834.37 


109 


8119,83 


110 


3909.59 


87 


!1S,50 


65 


&ei),66 


103 


816109 


111 


4049.83 


88 


169-70 


66 


887,33 


104 


8803,36 


113 


4107.4S 


!9 


171.31 


67 


914,43 


106 


8315.83 


lis 


4165.54 


HO 


183.33 


6S 


M1.03 


106 


9288.81 


144 


4331,00 


ai 


106.76 


69 


060,83 


107 


8339.80 


145 


4932.87 


S3 


208.S9 


70 


098.16 


108 


9376,00 


116 


4349.16 


33 


331.83 


71 


1036,87 


109 


9430,20 


1+7 


4101,83 


31 


336.13 


79 


1056.00 


110 


9464,81 


118 


4461.93 


as 


349.64 


73 


1086.64 


in 


3509-83 


149 


4539,43 


36 


3C100 


74 


niE,« 


113 


2555.26 


160 


1583,33 


37 


278,87 


7S 


114S,«3 


113 


9601.09 






38 


2U4,15 


76 


1170.50 


111 


9617.33 







&«S npUution at p. 913. 



TABLE "VT. 
TULE of Olbeta for Kailwaj CurvM, •howing the set off at the end of the Snt Chain 

trom tlie Tangent Point. 



,^ 


CHTwU 


Skdiui 


OflMa 


bdlm 


OBM* 


B«U<u 


OffHti 


















cluiDI. 


drdmali. 


oluliii. 


dcotmiil.. 


thilia. 




ohllDI. 




6 


79,200 


19 


3:1.000 


19 


90.813 


36 


15,231 


6 


66,000 


13 


30.463 


30 


19,800 


27 




'/ 


56,871 


U 


28,986 


21 


10,857 


23 


14.143 


8 


19,500 


16 


96,400 


33 


18,000 


39 


13.65S 


9 


44,000 


16 


21.750 


93 


17.217 


30 


13.200 


10 


39.600 


17 


23.291 


91 


16.500 


31 


13,744 


11 


36.000 


13 


22.000 


25 


15.640 


39 


12.376 
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Table YL^-^continued. 



lUdius 


OfBwta 


Radius 


Offtots 


Badins 


OffMCtS 


Radius 


Ofbeti 


in 


in inches and 


in 


in inches and 


in 


in inches and 


in 


in inches and 


chains. 


dednials. 


chains. 


decimals. 


chainSi 


decimals. 


chains. 




33 


13.000 


58 


6.828 


86 


4.605 


190 


2.084 


34 


11.647 


59 


6.712 


88 


4.500 


196 


2.031 


86 


11.314 


60 


6.600 


90 


4.400 


200 


1.980 


36 


11.000 


61 


6.492 


92 


4.304 


210 


1.886 


87 


10.703 


62 


6.387 


94 


4.213 


220 


1.800 


38 


10.421 


63 


6.286 


96 


4.125 


230 


1.722 


89 


10.154 


64 


6.186 


98 


4.041 


240 


1.650 


40 


9.900 


65 


6.092 


100 


3.960 


260 


1.584 


41 


9.659 


66 


6.000 


105 


3.771 


260 


1.528 


4S 


9.429 


67 • 


5.910 


110 


3.600 


270 


1.467 


43 


9.209 


68 


5.824 


115 


3.444 


280 


1.414 


44 


9.000 


69 


6.739 


120 


3.300 


290 


1.366 


45 


8.800 


70 


5.657 


125 


8.168 


800 


1.320 


46 


8.609 


71 


5.574 


130 


3.046 


810 


1.277 


47 


8.426 


72 


5.500 


135 


2.933 


320 


1.238 


48 


8.250 


73 


5.425 


140 


2.829 


830 


1.200 


49 


8.082 


74 


5.351 


146 


2.731 


340 


1.165 


50 


7.920 


75 


5.280 


150 


2.640 


350 


1.131 


51 


7.765 


76 


5.211 


155 


2.555 


360 


1.100 


52 


7.615 


77 


5.143 


160 


2.475 


370 


1.070 


53 


7.472 


78 


5.077 


165 


2.400 


380 


1.042 


54 


7.333 


79 


5.013 


170 


2.829 


390 


1.015 


55 


7.200 


80 


4.950 


175 


2.623 


896 


1.000 


56 


7.071 


82 


4.829 


180 


2.200 






57 


6.947 


84 


4.714 


185 


2.141 







NoU. — This table is used in setting out cunres from a tangent ; the first offset 
only is given ; the following offsets are easily found by multiplying the first offset 
by the square of each succeeding chain. As for example : 66.0 x 9 = 594.0 -t- 
12 = 48.66 feet. See Fig. 2, Plate 31. 



TABLE Vn. 
Table showing the first Angle from the Tangent Line, according to the Badius. 



Radius 




Radius 




Radius 




Radius 




in 


Anste 


in 


Angles. 


in 


Angles. 


in 


Angles. 


chains. 








chains. 




chains. 

1 






o # ## 




O t H 




O t II 




O t II 


5 


5 44 22 


22 


1 18 8 


39 


44 4 


56 


30 42 


6 


4 46 49 


23 


1 14 44 


40 


42 58 


57 


30 9 


7 


4 5 46 


24 


1 11 37 


41 


41 55 


58 


29 38 


8 


8 85 00 


25 


1 8 46 


42 


40 56 


59 


29 8 


9 


3 11 5 


26 


16 7 


43 


39 58 


60 


28 39 


10 


2 51 58 


27 


1 8 40 


44 


39 4 


61 


28 11 


11 


2 36 19 


28 


1 1 23 


45 


38 12 


62 


27 43 


12 


2 23 17 


29 


59 16 


46 


37 22 


63 


27 17 


13 


2 12 15 


30 


57 18 


47 


36 34 


64 


26 51 


14 


2 2 48 


31 


55 27 


48 


35 49 


65 


26 27 


15 


1 54 37 


32 


53 43 


49 


35 5 


66 


26 3 


16 


1 47 27 


33 


52 5 


50 


34 23 


67 


25 39 


17 


1 41 7 


34 


50 33 


51 


33 42 


68 


25 17 


18 


1 35 30 


35 


49 7 


52 


33 3 


69 


24 55 


19 


1 30 29 


36 


47 45 


53 


32 26 


70 


24 33 


20 


1 25 57 


87 


46 27 


54 


31 50 


71 


24 13 


21 


1 21 52 


38 


45 14 


55 


31 15 


72 


23 52 
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UKD AKD ESGINEEEING SlTBVEnNG. 



ArsiunHT to Tibtc V.— The Difference in CoIm: Yards lo be added to the Bropw. 



Did. 


CnbcjITit. 


Elitt 


Ciib./iidfc 


1.10. 


C"b.j«ili. 


mir. 


Cuhtj^riM. 


1 


o.ao 


39 


309.S3 


77 


1307.70 


116 


3693.»8 


» 


0.B1 


40 


326.93 


78 


12.19.33 


116 


8741.04 


i 


1,83 


41 


342,43 


79 


1371.31 


117 


8788.50 


4 


3.S0 


4« 


369.33 


BO 


130370 


118 


8838.87 


6 


6.09 


43 


376.66 


81 


1336.60 


119 


8S84.6S 





7.33 


44 


804,37 


S3 


1309,70 


180 


8333.3S 


7 


ti.ua 


« 


413,50 


83 


1403.31 


181 


8988.43 


a 


13.04 


44 


431.04 


84 


1437.33 


133 


8031.89 


g 


16.60 


47 


449.03 


S6 


1471,76 


Iia 


8081.SS 


10 


30.37 


4S 


400 33 


86 


1B06.59 


134 


3138.1S 


u 


S4,iiC 


49 


489.09 


87 


1541.S3 


1S5 


8188.87 


la 


an.aii 


SO 


609.36 


88 


1677.48 


136 


3334.00 


13 


3fiS 


51 


639.83 


89 


1613,64 


137 


3385A4 


u 


ss.ua 


S9 


S5U,&1 


90 


1050.00 


128 


3337.4S 


16 


KM 


63 


673.30 


91 


1086,87 


129 


3389,»S 


Ifi 


5115 


64 


694.00 


OS 


1734.15 


130 


344S.Sg 


u 


6>(,87 


66 


616.30 


B3 


1701,83 


131 


34S6.76 


IS 


Cfi.OO 


6Q 


63S.S1 


9* 


1799.93 


133 


3649.3$ 


!■} 


73.6* 


67 


cm. S3 


OS 


1838,43 


133 


3603 31 


StI) 


81.48 


6S 


GHS.36 


m 


1877,33 


131 


8667.70 


SI 


80,S3 


69 


709.09 


97 


1916.05 


136 


S713.&0 


a 


98.63 


60 


733.33 


03 


1956,37 


136 


3767.70 


n 


107.78 


61 


757.98 


99 


1906,60 


137 


383351 


u 


117.83 


ii 


783.0* 


lou 


3037.04 


13S 


S879.aa 


S3 


1S7.S1 


63 


808,60 


101 


8077.08 


139 


S936.7« 


■m 


137.70 


64 


83i,S7 


lOS 


2119.33 


140 


3993.59 


87 


llS.50 


65 


600,65 


103 


810109 


141 


4049.88 


8S 


159,70 


66 


887.83 


104 


8303,26 


143 


4107.M 


S!) 


171.31 


67 


914,43 


106 


8245.83 


143 


410&.G« 


a) 


193.33 


68 


941.93 


100 


SiNS.Sl 


1*4 


4894.00 


31 


186.76 


69 


909.83 


107 


8333.30 


115 


4988.87 


39 


SOS.69 


70 


098,16 


108 


8370.00 


146 


4343.16 


S3 


Sil.S3 


71 


1036.87 


109 


8420,30 


147 


4401.83 


3* 


S35,4S 


73 


1056.00 


UO 


3404,81 


148 


4101.98 


35 


£1!).S4 


73 


10SS.54 


111 


3509,83 


149 


4633.48 


36 


20100 


74 


1116.48 


iia 


3555,20 


160 


4563.33 


37 


ars.H? 


76 


1146.83 


113 


3001,09 






38 


3U1.15 


76 


1176.69 


114 


3647.33 







See explanation al p. 813. 



Tablb of O01»eta fot Railwaj Curves, showing the set off at the cud of the Gut Chain 
from the Tangent Point. 









































dtxlmitli. 


ctudni. 








5 


79,200 




33.000 


19 


30.843 


30 


16.231 


6 


60,000 




30.463 


30 


19.800 


27 


14.667 


7 


56,871 




as,3S6 


21 


19.S57 


2S 


14,143 


8 


49,500 




36,400 


S3 


IS.OOO 


39 


13,055 


9 


44,000 




34.750 


33 


17.217 


30 


13.200 


10 


39.600 




23.291 


24 


16,600 


31 


13.744 


U 


36.000 


IS 


33.000 


25 


15,840 


33 


12.376 
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Table YL^^-^ontinued. 



Badiui 


OAMte 


Radius 


Oflhets 


Radius 


Oflbcts 


Radius 


OOkU 


in 


in inches and 


in 


in inches and 


in 


in inches and 


in 


in inches and 


chains. 


dednials. 


chains. 


decimals. 


chains. 


dednuls. 


chains. 




33 


12.000 


58 


6.828 


86 


4.605 


190 


2.084 


34. 


11.647 


59 


6.712 


88 


4.500 


195 


2.031 


35 


11.314 


60 


6.600 


90 


4.400 


200 


1.980 


36 


11.000 


61 


6.492 


92 


4.304 


210 


1.886 


37 


10.703 


62 


6.387 


94 


4.213 


220 


1.800 


38 


10.421 


63 


6.286 


96 


4.125 


230 


1.722 


89 


10.154 


64 


6.186 


98 


4.041 


240 


1.650 


40 


9.900 


65 


6.092 


100 


3.960 


250 


1.584 


41 


9.659 


66 


6.000 


105 


3.771 


260 


1.523 


42 


9.429 


67 


5.910 


110 


3.600 


270 


1.467 


43 


9.209 


68 


6.824 


115 


3.444 


280 


1.414 


44 


9.000 


69 


5.739 


120 


3.300 


290 


1.366 


45 


8.800 


70 


5.657 


125 


3.168 


300 


1.320 


46 


8.609 


71 


5.574 


130 


3.046 


310 


1.277 


47 


8.426 


72 


5.500 


135 


2.933 


320 


1.238 


48 


8.250 


73 


5.425 


140 


2.829 


330 


1.200 


49 


8.082 


74 


5.351 


145 


2.731 


840 


1.165 


50 


7.920 


76 


5.280 


150 


2.640 


350 


1.131 


51 


7.765 


76 


5.211 


155 


2.555 


360 


1.100 


52 


7.615 


77 


5.143 


160 


2.475 


370 


1.070 


53 


7.472 


78 


5.077 


165 


2.400 


380 


1.042 


54 


7.333 


79 


5.013 


170 


2.329 


390 


1.016 


55 


7.200 


80 


4.950 


175 


2.623 


396 


1.000 


56 


7.071 


82 


4.829 


180 


2.200 






57 


6.947 


84 


4.714 


185 


2.141 







NoU.^Tbla table is used in setting out curyes from a tangent ; the first offset 
only is given ; the following offsets are easily found by multiplying the first offset 
by the square of each succeeding chain. As for example : 66.0 x 9 = 594.0 -ir 
12 =: 48.66 feet. See Fig. 2, Plate 31. 



TABLE Vn. 
Table showing the first Angle from the Tangent Line, according to the Badiua. 



Radius 




Radius 




Radius 




Radius 




in 


Antrim, 


in 


Angles. 


in 


Ani^ae. 


in 


Angles. 


chains. 




f^iiftffif. 




cludns. 




chains. 

1 






Oil! 




O t II 




O 1 II 




O t II 


5 


6 44 22 


22 


1 18 8 


39 


44 4 


56 


30 42 


6 


4 46 49 


23 


1 14 44 


40 


42 58 


57 


30 9 


7 


4 5 46 


24 


1 11 37 


41 


41 55 


58 


29 38 


8 


3 35 00 


25 


1 8 46 


42 


40 56 


59 


29 8 


9 


3 11 5 


26 


16 7 


43 


39 58 


60 


28 39 


10 


2 51 58 


27 


1 3 40 


44 


39 4 


61 


28 11 


11 


2 36 19 


28 


1 1 23 


45 


38 12 


62 


27 43 


12 


2 23 17 


29 


59 16 


46 


37 22 


63 


27 17 


13 


2 12 15 


30 


57 18 


47 


36 34 


64 


26 51 


14 


2 2 48 


31 


55 27 


48 


35 49 


65 


26 27 


15 


1 54 37 


32 


53 43 


49 


35 5 


66 


26 3 


16 


1 47 27 


33 


52 5 


50 


34 23 


67 


25 39 


17 


1 41 7 


34 


50 33 


51 


33 42 


68 


25 17 


18 


1 35 30 


35 


49 7 


52 


33 3 


69 


24 55 


19 


1 30 29 


36 


47 45 


53 


32 26 


70 


24 33 


20 


1 25 57 


87 


46 27 


54 


31 50 


71 


24 13 


21 


1 21 52 


38 


45 14 


55 


31 15 


72 


23 52 
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USD AXD ENOUiEEEINO SIIBVETISC. 



AtrmuBtkiTdble V.- 


The Difference 


in Cube Xaifii tQ be added to (he Stnpn. 


Dtir. 


CiiheytriM. 


Ditr. 


Cuberardi. 


ViV. 


CubojM^. 


iHir. 


Culi>j>nb. 


1 


0.20 


39 


309.83 


77 


1307.76 


116 


8693.08 


i 


0.81 


40 


386.93 


78 


1339.33 


116 


8741.04 


3 


1.83 


41 


343.43 


79 


1371.31 


117 


8783.50 


« 


S.3G 


18 


359.33 


80 


1303.70 


119 


2836.37 


5 


5.09 


43 


S76.65 


81 


1336.60 


119 


8S84.BS 


6 


7.S3 


44 


804-37 


83 


1369.70 


130 


8933.33 


7 


e.us 


4G 


413.60 


83 


1403.31 


131 


3968.19 


H 


13,04 


46 


431.04 


81 


1437.33 


133 


308L98 


9 


16.60 


47 


449.9S 


86 


1471.76 


133 


80SI.S3 


10 


ao.37 


48 


4e»33 


86 


1506.69 


134 


3133.15 


11 


34.66 


it 


4SU.09 


87 


1611.83 


m 


8189.87 


13 


89,33 


60 


609.36 


88 


1677.48 


136 


3234.00 


IS 


3443 


61 


639.»3 


89 


1618.64 


197 


3386.54 


U 


3i).Vi 


63 


560.81 


90 


1650.00 


128 


3387.48 


15 


45.83 


63 


679.90 


91 


1686.87 


139 


3389.83 


16 


S3.1S 


64 


694.00 


93 


1734.16 


130 


3143.e» 


17 


68.87 


66 


616.90 


93 


1761.83 


131 


3495,76 


IS 


66.00 


66 


688.81 


94 


1799.93 


139 


3649.S3 


10 


73.54 


67 


661.83 


fl6 


1838.49 


133 


3A03 31 


•to 


S1.4S 


68 


686.36 


96 


1577.33 


1S4 


3667.70 


SI 


89.Ha 


59 


709.09 


97 


1916.66 


1S6 


3712.60 


u 


8S.59 


60 


733.33 


Q8 


1956.87 


136 


3767.70 


S3 


107.76 


Gl 


767.BS 


99 


1996.50 


137 


8893.31 


34 


117.33 


63 


783.0* 


100 


2037.04 


138 


3879.33 


S3 


137.31 


63 


808.50 


101 


9077.98 


139 


3935.76 


SO 


137.70 


64 


S34.37 


loa 


2119.33 


140 


3993.59 


87 


148.50 


65 


800.Q3 


103 


3161 09 


141 


40*9.88 


ss 


169.70 


66 


887.83 


104 


3303.96 


143 


4107.13 


!9 


171.31 


67 


914.49 


105 


2945.83 


143 


4165.64 


an 


183.33 


69 


941.03 


106 


2988.81 


144 


4924.00 


SI 


186.76 


69 


969.83 


107 


8833.30 


115 


4388.87 


S9 


808.59 


70 


998.16 


108 


8376.00 


146 


1348.1S 


33 


231.83 


71 


1026.67 


109 


S490.20 


147 


4401.83 


34 


S35.4S 


78 


1056.00 


110 


3464.81 


148 


4461.93 


35 


3W.64 


73 


10S5.64 


in 


3509.83 


U9 


1592.43 


86 


264 00 


74 


1115.48 


113 


2555.36 


150 


4583.33 


37 


97S.87 


75 


1145.83 


113 


3601.09 






38 


S04.15 


76 


1176.59 


114 


8647.33 







See GiplADitiDii at p. 913. 



TABLE VI. 

Tabu of Offseti for Bailvaj Curves, ihowing the set off at the end (^ the fint Chun 

from llje Tangent Point. 



...» 








l,.*n. 


Offnti 


Kuliiu 


OHM. 




















d.cinula. 


Chtlna. 


iatiatl*. 










6 


79,200 


12 


3;i.ooo 


19 


20.843 


86 


15.231 


6 


66.000 


13 


30.463 


20 


19.S00 


27 


11.667 


7 


56.871 


)4 


98.286 


21 


19.857 


23 


14.113 


8 


49.500 


15 


36.400 


33 


IS.OOO 


99 


13.66E 


9 


44.000 


16 


24.750 


93 


17.217 


30 


13,200 


10 


39.600 


17 


23.291 


94 


16.600 


31 


12.744 


11 


36.000 


IS 


39.000 


25 


15.S10 


33 


13.376 
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Table VI. — coniimued. 



lUdius 


OfBwta 


Radius 


OflRMto 


Radius 


Oflbots 


Radius 


Oibets 


in 


in inches and 


in 


in inches and 


in 


in inches and 


in 


in inches and 


chalna. 


dedmala. 


chains. 


decimals. 


chains. 


decimals. 


chains. 


decimals. 


33 


12.000 


58 


6.828 


86 


4.605 


190 


8.084 


84 


11.647 


59 


6.712 


88 


4.500 


195 


8.031 


35 


11.314 


60 


6.600 


90 


4.400 


200 


1.980 


36 


11.000 


61 


6.492 


92 


4.304 


210 


1.886 


37 


10.703 


62 


6.387 


94 


4.213 


880 


1.800 


38 


10.421 


63 


6.286 


96 


* 4.125 


830 


1.788 


89 


10.154 


64 


6.186 


98 


4.041 


840 


1.650 


40 


9.900 


65 


6.098 


100 


3.960 


850 


1.584 


41 


9.659 


66 


6.000 


106 


3.771 


860 


1.583 


48 


9.429 


67 • 


5.910 


110 


3.600 


870 


1.467 


43 


9.209 


68 


5.824 


115 


3.444 


880 


1.414 


44 


9.000 


69 


5.739 


120 


3.300 


890 


1.366 


45 


8.800 


70 


6.657 


125 


3.168 


300 


1.380 


46 


8.609 


71 


6.574 


130 


3.046 


310 


1.277 


47 


8.426 


72 


5.500 


135 


2.933 


380 


1.838 


48 


8.250 


73 


5.425 


140 


2.829 


330 


1.800 


49 


8.082 


74 


5.351 


145 


2.731 


840 


1.165 


50 


7.920 


76 


5.280 


150 


2.640 


350 


1.131 


51 


7.765 


76 


5.211 


155 


2.555 


360 


1.100 


53 


7.615 


77 


5.143 


160 


2.475 


370 


1.070 


53 


7.472 


78 


5.077 


165 


2.400 


380 


1.048 


54 


7.333 


79 


5.013 


170 


2.329 


390 


1.015 


55 


7.200 


80 


4.950 


175 


2.623 


396 


1.000 


56 


7.071 


82 


4.829 


180 


2.200 






67 


6.947 


84 


4.714 


185 


2.141 







iVb#9.^Thia table is used in setting out curyes from a tangent ; the first offset 
only is given ; the following offsets are easily found by multiplying the first offset 
by the square of each succeeding chain. As for example : 66.0 x 9 = 594.0 -r- 
18 = 48.66 feet. See Fig. 8, Plate 31. 



TABLE Vn. 
Table showing the first Angle from the Tangent Line, according to the Badius. 



Radius 




Radius 








Radius 




in 


Anglfli. 


in 


Angles. 


in 


Angles. 


in 


Angles. 


chains. 




chains. 




cludns. 




chains. 

1 






Q t It 




o t n 




o 1 n 




o 1 n 


5 


5 44 88 


22 


1 18 8 


39 


44 4 


56 


30 42 


6 


4 46 49 


23 


1 14 44 


40 


42 58 


57 


30 9 


7 


4 5 46 


24 


1 11 37 


41 


41 55 


58 


29 38 


8 


3 35 00 


25 


1 8 46 


42 


40 56 


59 


29 8 


9 


3 11 5 


26 


16 7 


43 


89 58 


60 


28 39 


10 


8 51 58 


27 


1 3 40 


44 


39 4 


61 


28 11 


11 


8 36 19 


28 


1 1 23 


45 


38 12 


62 


27 43 


18 


8 83 17 


29 


59 16 


46 


37 22 


63 


27 17 


13 


8 18 15 


30 


57 18 


47 


36 34 


64 


26 51 


14 


8 8 48 


31 


55 27 


48 


35 49 


65 


26 27 


15 


1 54 37 


32 


53 43 


49 


35 5 


66 


26 3 


16 


1 47 87 


33 


52 5 


50 


34 23 


67 


25 39 


17 


1 41 7 


34 


50 33 


51 


33 42 


68 


25 17 


18 


1 35 30 


36 


49 7 


52 


33 3 


69 


24 55 


19 


1 30 89 


36 


47 45 


53 


82 26 


70 


24 33 


20 


1 85 57 


87 


46 27 


54 


31 50 


71 


24 13 


81 


1 21 52 


38 


45 14 


55 


31 15 


72 


23 58 



{coniimted) 
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AvxiUABT to Table Y. — ^The Difference in Cube Tards to be added to the Slopes. 



DIff. 


Cuboymrda. 


Dift 


CubeymrdB. 


Biff. 


Cubeywds. 


Diff. 


Cubeyardf. 


1 


0.80 


39 


309.83 


77 


1807.76 


115 


8693.98 


2 


0.81 


40 


385.98 


78 


12.39.33 


116 


8741.04 


a 


1.83 


41 


348.48 


79 


1271.31 


117 


8788.50 


4 


3.86 


48 


359.33 


80 


1303.70 


118 


8836.37 


5 


6.09 


43 


376.65 


81 


1336.50 


119 


2884.65 


6 


7.33 


44 


394.37 


88 


1369.70 


180 


8933.33 


7 


9.98 


45 


418.50 


83 


1403.31 


181 


8988.48 


8 


13.04 


46 


431.04 


84 


1437.33 


128 


3031.98 


9 


16.50 


47 


449.98 


85 


1471.76 


183 


8081.83 


10 


80.37 


48 


469.83 


86 


1506.59 


184 


3138.15 


11 


84.^ 


49 


489.09 


87 


1541.83 


185 


3188.87 


18 


89.33 


50 


509.86 


88 


1577.48 


186 


3834.00 


13 


3448 


51 


589.83 


89 


1613.54 


187 


3885.54 


14 


89.98 


58 


550.81 


90 


1650.00 


188 


3337.48 


15 


45.83 


53 


578.80 


91 


1686.87 


189 


3389.83 


16 


58.15 


54 


594.00 


98 


1724.15 


130 


3448.59 


17 


58.87 


55 


616.80 


93 


1761.83 


131 


3495.76 


18 


66.00 


56 


638.81 


. 94 


1799.92 


138 


3549.33 


19 


73.54 


57 


661.83 


95 


1838.42 


133 


3603.31 


80 


81.48 


58 


685.86 


96 


1877.33 


134 


3657.70 


81 


89.83 


59 


709.09 


97 


1916.65 


135 


3718.50 


88 


98.59 


60 


733.33 


98 


1956.37 


136 


3767.70 


S3 


107.76 


61 


757.98 


99 


1996.50 


137 


3823.31 


84 


117.33 


68 


783.04 


100 


2037.04 


138 


3879.33 


85 


127.31 


63 


808.50 


101 


2077.98 


139 


3935.76 


86 


137.70 


64 


834.37 


108 


2119.33 


140 


3992.59 


87 


148.50 


65 


860.65 


103 


216109 


141 


4049.83 


88 


159.70 


66 


887.33 


104 


2203.26 


148 


4107.48 


29 


171.31 


67 


914.48 


105 


2245.83 


143 


4165.54 


30 


183.33 


68 


941.92 


106 


2288.81 


144 


4224.00 


31 


195.76 


69 


969.83 


107 


2332.20 


145 


4282.87 


32 


208.59 


70 


998.15 


108 


2376.00 


146 


4342.15 


33 


221.83 


71 


102G.87 


109 


2420.20 


147 


4401.83 


34 


235.48 


72 


1056.00 


110 


2464.81 


148 


4461.92 


35 


249.54. 


73 


1085.54 


111 


2509.83 


149 


4522.42 


36 


264.00 


74 


1115.48 


112 


2555.26 


150 


•4583.33 


37 


278.87 


75 


1145.83 


113 


2601.09 






38 


294.15 


76 


1176.59 


114 


2647.33 







8ee explanation at p. 212. 



TABLE VI. 

Table of Offsets for "Railway Curves, showing the set off at the end of the first Chain 

from the Tangent Point. 



Radius 

in 
chains. 



5 
() 

7 
8 
9 

10 
11 



Offsets 

in inches and 

d< cimals. 


Radius 

in 
chains. 


79.200 


12 


66.000 


13 


5IVS71 


U 


49.oU() 


15 


41.0U0 


16 


39.600 


17 


36.000 


IS 



Offsets 


1 

, Rsdius 


in inches and 


1 m 


dicinials. 


chains. 


3.S.000 


19 


30.462 


20 


2S.2S6 


21 


26.400 


22 


24.750 


23 


2:5.:>91 , 


2i 


22.000 


1 ""J 



Offsets 

in inches and 

decimals. 

20.S42 
iO.SOO 
10.S57 
Ib.OOO 

17.217 
16.500 

15.b40 



Radius 

in 
chains. 



26 

27 
2S 
29 
30 
31 
32 



Offsets 

in inches and 

decimals. 



15.231 
14.667 
14.143 
13.655 
13.200 
12.744 
12.376 

{cuiiiinuar) 



TABLES FOR SETTINO OUT CURVES. 



297 



Table VI. — eontinued. 



Badius 


OfBwta 


Radiua 


OflRwta 


Badiua 


Offitcta 


Badina 


OflEMa 


in 


in inchei and 


in 


in inohea and 


in 


in inohea and 


in 


in inohea and 


chaina. 


dedroala. 


ohaina. 




ohaina. 


dedmala. 


ohaina. 


decimala. 


33 


12.000 


58 


6.828 


86 


4.605 


190 


2.084 


34 


11.647 


59 


6.712 


88 


4.500 


195 


2.031 


35 


11.314 


60 


6.600 


90 


4.400 


200 


1.980 


36 


11.000 


61 


6.492 


92 


4.304 


210 


1.886 


37 


10.703 


62 


6.387 


94 


4.213 


220 


1.800 


38 


10.421 


63 


6.286 


96 


' 4.125 


230 


1.722 


89 


10.154 


64 


6.186 


98 


4.041 


240 


1.650 


40 


9.900 


65 


6.092 


100 


3.960 


250 


1.584 


41 


9.659 


66 


6.000 


105 


3.771 


260 


1.523 


43 


9.429 


67 • 


5.910 


110 


3.600 


270 


1.467 


43 


9.209 


68 


6.824 


115 


3.444 


280 


1.414 


44 


9.000 


69 


5.739 


120 


3.300 


290 


1.366 


45 


8.800 


70 


6.657 


126 


3.168 


300 


1.320 


46 


8.609 


71 


5.574 


130 


3.046 


310 


1.277 


47 


8.426 


72 


5.600 


136 


2.933 


320 


1.238 


48 


8.250 


73 


5.425 


140 


2.829 


330 


1.200 


49 


8.082 


74 


5.351 


145 


2.731 


840 


1.165 


50 


7.920 


76 


5.280 


150 


2.640 


350 


1.131 


51 


7.766 


76 


5.211 


155 


2.555 


360 


1.100 


52 


7.615 


77 


5.143 


160 


2.475 


370 


1.070 


53 


7.472 


78 


5.077 


165 


2.400 


380 


1.042 


54 


7.333 


79 


5.013 


170 


2.329 


390 


1.015 


55 


7.200 


80 


4.950 


175 


2.623 


896 


1.000 


56 


7.071 


82 


4.829 


180 


2.200 






57 


6.947 


84 


4.714 


185 


2.141 







iVb#9.---Thia table is used in setting out curves from a tangent ; the first offset 
only is given; the following offsets are easily found by multiplying the first offset 
by the square of each succeeding chain. As for example : 66.0 x 9 = 594.0 -f- 
12 = 48.66 feet. See Fig. 2, Plate 31. 



TABLE Vn. 
Tablb showing the first Angle from the Tangent Line, according to the Badius, 



Badina 




Badint 








Badina 




in 


AnglMi 


in 


Angles. 


in 


Angles. 


in 


Angles. 


chaina. 








cliaina. 




rhftlfif- 

1 






Q t n 




O 1 II 




O 1 II 




O t II 


5 


5 44 22 


22 


1 18 8 


39 


44 4 


56 


30 42 


6 


4 46 49 


23 


1 14 44 


40 


42 58 


57 


30 9 


7 


4 5 46 


24 


1 11 37 


41 


41 55 


58 


29 38 


8 


3 85 00 


25 


1 8 46 


42 


40 56 


59 


29 8 


9 


3 11 6 


26 


16 7 


43 


39 58 


60 


28 39 


10 


2 51 58 


27 


1 3 40 


44 


39 4 


61 


28 11 


11 


2 36 19 


28 


1 1 23 


45 


38 12 


62 


27 43 


12 


2 23 17 


29 


59 16 


46 


37 22 


63 


27 17 


13 


2 12 16 


30 


67 18 


47 


36 34 


64 


26 51 


14 


2 2 48 


31 


56 27 


48 


36 49 


65 


26 27 


15 


1 54 37 


32 


53 43 


49 


36 5 


66 


26 3 


16 


1 47 27 


33 


52 6 


50 


34 23 


67 


26 39 


17 


1 41 7 


34 


50 33 


51 


33 42 


68 


25 17 


18 


1 36 30 


36 


49 7 


52 


33 3 


69 


24 55 


19 


1 30 29 


36 


47 46 


53 


32 26 


70 


24 33 


20 


1 25 57 


87 


46 27 


54 


31 60 


71 


24 13 


21 


1 21 52 


38 


45 14 


55 


31 16 


72 


23 52 



{coniiftued) 



UKD AXD ENGDCEERIKQ SUBVETINO. 









TlBLB TII.- 


-*o»iimmei. 






It..lllU 




E«lin. 




































ritttru. 








78 


13 33 


S9 


18 


u& 


U 11 61 


19S 


a 49 


74 


23 U 


100 


17 U 


150 


U U 38 


300 


8 3S 


78 


S3 ES 


10& 


l« S9 


15G 


11 6 


JIO 


8 11 


76 


U Si 37 


uo 




ino 


10 45 




8 


77 


89 19 


US 


0^i67 


106 


10 as 


330 


7 49 


7H 


a i 


lio 


U 19 


170 


10 7 


935 


7 38 


70 


on K 


las 


U 13 i6 


176 


47 


330 


7 83 


SO 


ai sn 


130 


13 13 


180 


» 33 


33S 


7 10 


as 


30 13 


135 


18 44 


185 


B 17 


340 


r 10 


uo 


IB 6 


1*0 


18 17 


190 


9 3 







Notf. — Tlie UM of tbia table is to set out curvra b}| tho motliod *ho«ii bj 
Fi^. 5, Plktc 31. Ten ohoiiu being the limit, tlie falluwia); ore known bv nnlti- 

Jljmg the firat angle by tlie number of duuu ; u (or exjuunb, b° 44' 33 x S = 
1'38'M". 



AxBis of CiFclM eitlior in mctiea, feet, or nrds; iT the diimder be t«krn in Jnoli''' 
the ve* will be in inches ; if in feet, then tbe are* will be in fwt ; it iu ^arUa, the afn 
it jirdi. Hix Artu, p. 61. 



U^ 


Arm. 


Di^ 


Ans. 


IMk 


Am. 


IH.. 


Anm. 


1 


.7854 


8 


50.3Q 


15 


170.71 


22 


3S0.13 


i 


1.33 




63.16 




182.65 


J 


3S.S,})9 


i 


1.77 




68.74 




18S.G9 


i 


397.60 


3.40 




60.17 




194.63 


i 


400.49 


a 


3.14 


9 


63.68 


16 


301.05 


33 


415,47 




3.SS 


i 


67.20 


i 


907.39 




434.66 




4.90 


I 


70.88 


i 


313-S3 




433.73 




6,94 


\ 


74.66 


I 


820.36 




443.01 


a 


7.06 


10 


78.54 


17 


326,98 


84 


452.39 




8.29 


i 


83.63 


1 


233.70 




, 401.60 




9.08 


i 


86.69 


4 


840.63 




471.43 


11.04 




93.70 


! 


347,46 




481.10 


4 


13.56 


11 


95,03 


IS 


354.47 


35 


490.87 




14.18 




99.40 




361.fiS 


i 


61K).74 




15.90 




103.87 




368.80 


i 


610.70 




17.73 




106.43 




276.11 


! 


630.77 


5 


19.64 


13 


113.09 


19 


883.63 


86 


630.93 


1 


21.65 




117-86 




391.04 


i 


541.18 


i 


33.7fi 




133.73 




398.64 


I 


651.64 


\ 


36.97 




137.66 




300.35 


i 


663.00 




2827 


13 


132.73 


30 


314.16 


37 


678.55 




30.es 


i 


137.88 


} 


333.06 




583.30 




33,18 


i 


143,14 


i 


330.06 




693.96 




35.78 




14S-49 


1 


338.36 




604.80 


7 


38.48 


14 


153.94 


21 


340.36 


38 


615.76 


i 


41.33 




159.W 




354.65 




626.79 


\ 


44.18 




165.13 




363,05 




637,94 


47.17 




170.87 




371.64 




6*9.18 
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Tablb YIII.— tfOff/imMl. 



Dift. 



29 



30 



31 



32 



33 



U 



35 



36 



37 



38 



39 



40 



41 



42 



43 



Area. 



660.52 
671.95 
683.49 
695.12 
706.86 
718.69 
730.61 
742.64 
754.76 
766.99 
779.31 
791.73 
804.24 
816.86 

829.57 
842.39 
855.30 
868.30 
881.41 
894.61 
907.92 
921.32 
934.82 
948.41 
962.11 
975.90 
989.80 
1003.8 
1017.8 
1032.0 
1046.3 
1060.7 
1075.2 
1089.8 
1104.4 
1119.2 
1134.1 
1149.1 
1164.1 
1179.3 
1194.6 
1209.9 
1225.4 
1240.9 
1256.6 
1272.4 
1288.2 
1304.2 
1320.2 
1336.4 
1352.6 
1369.0 
1385.4 
1402.0 
1418.6 
1435.3 
1452.2 
1469.1 
1486.1 
1503.3 



DU. 



44 



45 



46 



47 



48 



49 



50 



51 



52 



53 



54 



55 



56 



57 



58 



Area. 



1520.5 
1537.8 
1555.0 
1572.8 
1590.4 
1608.1 
1625.9 
1643.9 
1661.9 
1680.0 
1698.2 
1716.6 
1734.9 
1753.4 
1772.0 
1790.7 
1809.6 
1828.4 
1847.4 
1866.5 
1885.7 
1905.0 
1924.4 
1943.9 
1963.6 
1983.2 
2002.9 
2022.8 
2042.8 
2062.9 
2083.0 
2103.3 
2123.7 
2144.2 
2164.7 
2185.4 
2206.2 
2227.0 
2248.0 
2269.0 
2290.2 
2311.4 
2332.8 
2354.3 
2375.8 
2397.4 
2419.2 
2441.0 
2463.0 
2485.0 
2507.1 
2529.4 
2551.7 
2574.2 
2596.7 
2619.3 
2642.0 
2664.9 
2687.8 
2710.8 



Dia. 



59 



60 



61 



62 



63 



64 



65 



66 



67 



68 



69 



70 



71 



72 



73 



2733.9 
2757.2 
2780.6 
2803.9 
2827.4 
2851.0 

2874.7 
2898.5 
2922.4 
2946.4 
2970.6 
2994.7 
3019.1 
3043.4 
3067.9 
3092.6 
3117.2 
3142.0 
3166.9 
3191.9 
3217.0 
3242.1 
3267.4 
3292.8 
3318.3 
3343.9 
3369.6 
3395.3 
3421.2 
3447.1 
3473.2 
3499.4 
3525.6 
3552.0 
3578.4 
3605.0 
3631.6 
3658.4 
3685.3 
3712.2 
3739.2 
3766.4 
3793.6 
3821.0 
3848.4 
3875.9 
3903.6 
3931.3 
3959.2 
3987.1 
4015.1 
4043.2 
4071.6 
4099.8 
4128.2 
4156.7 
4185.4 
4214.1 
4242.9 
4271.8 



Dia. 



74 



75 



76 



77 



78 



79 



80 



81 



82 



83 



84 



85 



86 



87 



88 



4300.8 
4329.9 
4359.1 
4388.4 
4417.8 
4447.3 
4476.9 
4506.6 
4536.4 
4566.3 
4596.3 
4626.4 
4656.6 
4686.9 
4717.3 
4747.8 
4778.3 
4809.0 
4839.8 
4870.8 
4901.6 
4932.7 
4963.9 
4995.3 
5026.6 
5058.0 
5089.6 
5121.3 
5153.0 
5184.8 
5216.8 
5248.8 
5281.0 
5313.2 
5345.6 
5378.0 
5410.6 
5443.2 
5476.0 
5508.8 

5541.7 
5574.8 
5607.9 
5641.1 
5674.5 
5707.9 
5741.4 
5775.1 
5808.8 
5842.6 
6876.5 
5910.5 
5944.7 
5978.9 
6013.2 
6047.6 
6082.1 
6116.7 
6151.4 
6186.2 

{coniinued) 



1% 



LAND AND ENGISEEBLVC SUttVETlNG. 









TiJUi VIII.— m«(<i»rrf. 






IHi, 


iivm. 


Dk. 


An*. 


1 DU. 


Ar^ 


DU. 


Am. 


89 


oasLi 


n 


eG47.C 


95 


r'lfls.a 


93 


75M9 




0SSD.1 




6(^83.$ 




TliS.G 


i 


7581.5 








fi780.0 




7183.0 


5 


76W.I 


63M.4 


0756.4 




78W),6 


i 










m-i.% 


IW 


7238.8 


99 








i 






7876.8 
7313.S 










1 


68fifl.l 




} 


7776.6 




6tfl8.9 


1 


6«0i.9 




7S51.7 


] 


7Slt.7 








CQ39.8 


97 


738B.8 


mi 


78Si.Q 






1 


0078.7 




7137.9 












701 3.S 




7Wfi.a 
















7SC4.5 




7972.8 



^'vl'. — Tbe ahovr labtc mij b« used for larger circles iu tilt fiiUoning manner: 
For fiifelcB from 100 to 800 diuncli-r, divide llic diun«tor bj i, lud fiud ft dii^ 
melur io tbe nbore Uble ^hicli ccrresponds loUi« quutient. Ilicii mallipl; tlw tna 
oppotite to it b;^ wliicU will gixe tlie uea required ^ and for eirelra Irom 800 to 
400 diuDDtcr, diTide tbe diameter b; 4, bod mullipl; the atw opposite to tbe 
qaotienihy Ifl. Exsmple : To find tie are« of a drele IBSJ diMwler: >-|^'= 
SIJ am 5164.8 x 4 = 80739.8 tbe weft of the cirolc required. 



TABLE IX. 
HifTSUacs between tbe i^)]ULrcnt mi tmo LctcL 



OomoUou In dcclmslt of fML 


Correction* In d«liii>li i>f Unki. 






Ourriluremd 


DUUnos 


t^rriitnnuid 


IH>lMX« 


Cnmturc miid 


latM. 




inUutaf 


lUfnctiim. 


tnmUcl. 


RttneVoo. 


100 


.00020 


100 


.00009 


i 


.0367 


ISO 


.OOOM 


150 


.00081 


i 


.1430 


800 


.OO0S3 


80O 


.00036 


1 


.3210 


sso 


.0012S 


850 


.00060 


1 


.6717 


300 


.00184 


300 


.00081 


u 


1.88S4 


SSO 


.00851 


350 


.00110 


2 


8.3809 


400 


.00329 


400 


.00143 


9i 


S.57SS 


450 


.OOilS 


450 


.00181 


8 


5.1469 


600 


.00513 


600 


.00234 


3i 


7.00S5 


G5D 


.00621 


SSO 


.00270 


4 


9.147* 


60O 


.00738 


600 


,00381 


«) 


11.B77B 


650 


.00866 


6S0 


.00377 


S 


14.2989 


700 


.01005 


700 


.00*38 


^ 


17.2945 


760 


.01153 


750 


.00563 


6 


80.6817 


800 


.01318 


800 


.00678 


H 


84.1551 


660 


.01481 


850 


.00645 


7 


8S.014S 


900 


.01661 


900 


.00783 


7i 


33.1691 


960 


.01851 


950 


.00806 


8 


36.5SSS 


1000 


.080fl9 


1000 


.00S93 


H 


41.3066 


1060 


.0S2G1 


1050 


.00985 


9 


46.3089 


1100 


.08481 


1100 


.01031 


H 


61.5975 


1150 


.08718 


1150 


.01181 


10 


57.1714 


1200 


.02953 


ISOO 


.01287 


11 


69.1774 


laso 


.03304 


1250 


.01395 


18 


83.3369 


1300 


.03465 


1300 


.01509 


13 


96.6197 
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Tablb UL-^-coMiimied. 



Ooireetlons In deelmali of feel. 


Oorreotions in dedmali of Unki. 


Corrections in decimals of miles. 


Dtttonoe 
in feet. 


Cnmtureand 
B/etmoOoa, 


Diitonoe 
in link!. 


Curvature snd 
Beflnujtion. 


Distance 
in miles. 


Curvature and 
Eeflraotion. 


1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 


.03738 
.04019 
.04311 
.04614 
.04927 
.05250 
.05583 
.05926 
.06280 
.06645 
.07161 
.07403 
.07798 
.08203 


1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 


.01628 
.01751 
.01878 
.02010 
.02146 
.02287 
.02432 
.02582 
.02736 
.02895 
.03058 
.03225 
.03397 
.03573 


14 
15 
16 

17 

18 
19 
20 


112.0560 
128.6357 
146.3589 
165.2254 
185.2359 
206.3889 
228.6857 



TABLE X. 
Table to reduce Links into Feef, Inches, and Decimals. 



Links. 


Ft in. d. 


Links. 


Ft 


in. d. 


Links. 


Ft in. d. 


Links. 


Ft 


in. d. 


1 


7 92 


26 


17 


1 92 


51 


33 7 92 


76 


50 


1 92 


2 


1 3 84 


27 


17 


9 84 


52 


34 8 84 


77 


50 


9 84 


3 


1 11 76 


28 


18 


6 76 


53 


34 11 76 


78 


51 


5 76 


4 


2 7 68 


29 


19 


1 68 


54 


35 7 68 


79 


52 


1 68 


5 


3 3 60 


30 


19 


9 69 


55 


36 3 60 


80 


52 


9 60 


6 


3 11 52 


31 


20 


5 52 


56 


36 11 52 


81 


53 


5 52 


7 


4 7 44 


32 


21 


1 44 


57 


87 7 44 


82 


54 


1 44 


8 


5 3 36 


33 


21 


9 36 


58 


88 3 36 


83 


54 


9 36 


9 


5 11 28 


34 


22 


5 28 


59 


88 11 28 


84 


55 


6 28 


10 


6 7 20 


35 


23 


1 20 


60 


39 7 20 


85 


56 


1 20 


11 


7 3 12 


86 


23 


9 12 


61 


40 3 12 


86 


56 


9 12 


12 


7 11 04 


37 


24 


5 4 


62 


40 11 4 


87 


57 


5 4 


13 


8 6 96 


88 


25 


1 96 


63 


41 6 96 


88 


58 


90 


14 


9 2 88 


39 


25 


9 88 


64 


42 2 88 


89 


58 


8 88 


15 


9 10 80 


40 


26 


4 80 


65 


42 10 80 


90 


59 


4 80 


16 


10 6 72 


41 


27 


72 


66 


43 6 72 


91 


60 


72 


17 


11 2 64 


42 


27 


8 64 


67 


44 2 64 


92 


60 


8 64 


18 


11 10 56 


43 


28 


4 56 


68 


44 10 56 


93 


61 


4 56 


19 


12 6 48 


44 


29 


48 


69 


45 6 48 


94 


62 


48 


20 


13 2 40 


45 


29 


8 40 


70 


46 2 40 


95 


62 


8 40 


21 


13 10 32 


46 


30 


4 32 


71 


46 10 32 


96 


63 


4 32 


22 


14 6 24 


47 


31 


24 


72 


47 6 24 


97 


64 


24 


23 


15 2 16 


48 


31 


8 16 


73 


48 2 16 


98 


64 


8 16 


24 


15 10 08 


49 


32 


4 8 


74 


48 10 8 


99 


65 


4 8 


25 


16 6 


50 


33 





75 


49 6 


100 


66 
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TABLE XI. 
Tadle to reduoe Decim&U to Rood* uid Perohca, 



Polrw. 


!>«- 


tL 


IR. 


a- 


Pol» 


Dm. 


IE. 


1R 


>L 


1 


.006 


S5fi 


.60ft 


756 


31 


.131 


.381 


.631 


.881 


9 


.018 


363 


.518 


763 


33 


.137 


J87 


.687 


.887 


3 


.018 


208 


618 


7G8 


83 


.143 


.303 


.643 


.893 


4 


.085 


S75 


.535 


776 


84 


.150 


.400 


.650 


.900 


5 


.031 


881 


.331 


781 


36 


.156 


.*Ofi 


.656 


.906 


« 


.037 


287 


.637 


787 


38 


.103 


.413 


.662 


.913 


7 


.0*3 


393 


.6*3 


793 


37 


.168 


.418 


.668 


.918 


8 


.050 


300 


.660 


800 


38 


.175 


.486 


.675 


.985 


9 


.056 


30ft 


.E5fl 


800 


39 


.181 


.431 


.681 


.931 


10 


Mi 


jsii 


.668 


818 


30 


.187 


.437 


.687 


.937 


U 


.068 


318 


.563 


818 


31 


.193 


.443 


.693 


.943 


13 


,075 


Sis 


.676 


325 


33 


.800 


.460 


.700 


.950 


13 


.osi 


831 


.681 


S3I 


33 


.206 


.466 


.700 


.056 


U 


.087 


337 


.687 


837 


34 


J12 


MS 


.712 


.963 


15 


.093 


3M 


.693 


8« 


35 


.218 


.468 


.718 


.963 


U 


.100 


350 


.600 


860 


3G 


.885 


.475 


.736 


.976 


17 


.100 


356 


.606 


856 


37 


.831 


.481 


.731 


.981 


18 


.lis 


3sa 


.013 


862 


3S 


.237 


.487 


.737 


.987 


19 


.118 


36S 


.618 


SOS 


39 


.313 


.4U3 


.743 


.993 


SO 


.lU 


37S 


.685 


S75 


■W 


.260 


.500 


.750 





TABLE XIL 
Tablb for reducing Uie Hjpothenuje to the Bomoatsl Ueasnre. 















RIhId 




Des. Hln. 


LUkM. 


IX»llta. 


Unb. 


Ott. Kle. 


Linlu. 


fMtfor 


■HddedmlL 


4 3 


\ 


19 57 


6 


39 80 


15i 


1 


0,01 


5 46 


20 40 


6} 


38 60 


16 


8 


0.04 


6 38 


1 


81 35 


7 


33 36 


16) 


3 


O.U 


7 1 


} 


83 80 


7i 


33 66 


17 


4 


0.19 


8 7 


1 


93 5 


8 


34 86 


irs 


6 


0.87 


9 40 


1 

1 


23 45 


H 


34 55 


18 


6 


0.44 


g 57 


34 30 


9 


35 36 


18) 


7 


0.56 


10 


1 


25 10 


H 


35 56 


19 


8 


0.74 


10 40 


1 


85 50 


10* 


36 26 


19) 


9 


0-94 


11 29 


i 


86 30 


lOi 


36 56 


80 


10 


1.16 


13 60 


H 


87 10 


11 


37 30 


90) 


U 


1.40 


13 30 


2| 


27 45 


11) 


37 50 


SI 


13 


1.6'j 


14 4 


3 


2S 80 


18 


38 15 


81) 


13 


1-93 


16 18 


34 


2S 65 


lai 


33 46 


83 


14 


3.24 


15 45 


3} 


89 30 


13 


39 16 


88) 


15 


2.61 


16 16 


4 


30 5 


13) 


39 40 


83 


16 


S.!J9 


17 15 


H 


30 40 


14 


40 5 


83) 


17 


3-39 


13 12 


5 


31 15 


Hi 






18 


3-76 


19 30 


5i 


31 45 


15 






19 

SO 


4.23 

4.64 



JVa/«. — B* thia table ever; chain's length meBsnred on the aide of a hill mnst 
be shortened b; the niunbcr of linka opposite the angle of accliYttj or decUvitj, 
or SB near that angle as maj be. 
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TABLE Xm. 
Tablb of Square Links in any number of Acres, Eoodsy and Perches. 



ACRB8. 


E00D8. 


PBECHEa 


No. 


SqtMrelinki. 


Ka 


Square links. 


No. 


Sqiuure links. ,' 


Na 


Square links. 


1 


100000 


1 


35000 


1 


635 


31 


13135 


8 


300000 


3 


50000 


3 


1350 


33 


13750 


3 


300000 


3 


75000 


3 


1875 


33 


14375 


4 


400000 






4 


3500 


34 


15000 


5 


500000 






5 


3135 


35 


1563& 


6 


600000 






6 


3750 


36 


16350 


7 


700000 






7 


4375 


37 


16875 


8 


800000 






8 


5000 


38 


17500 


9 


900000 






9 


5635 


39 


18135 


10 


1000000 






10 


6330 


30 


18750 


30 


3000000 






11 


6875 


31 


19375 


30 


3000000 






13 


7600 


33 


30000 


40 


4000000 






13 


8135 


33 


30605 


50 


5000000 






14 


8750 


34 


31250 


60 


6000000 






15 


9375 


35 


31875 


70 


7000000 






16 


10000 


36 


33500 


80 


8000000 






17 


10638 


37 


33135 


90 


9000000 






18 


11350 


38 


33750 


100 


10000000 






19 
30 


11875 
13500 


39 


34375 



TABLE XrV. 
Table of Multipliers for Polygons from Three to Twelve Sides. See Polygons, p. 39. 



1 


Names. 


1 

Angles at 
Centres. 


s 

Angles at 
Circum. 


8 
Areas. 


4 

Radius of 
Circum. 


6 
Sides. 


s 


i 


3 


TriflTon 


O f 

130 00 
90 00 
73 00 
60 00 
51 35t 
45 00 
40 00 
36 00 
33 43t^ 
30 00 


o t 

60 00 
90 00 
108 00 
130 00 
138 34f 
135 00 
140 00 
144 00 

147 16A 
150 00 


0.43301 
1.00000 
L73048 
3.59807 
3.63391 
4.83848 
6.18183 
7.69431 
9.36564 
11.19615 


0.57735 
0.70710 
0.85065 
1.00000 
1.15338 
1.30656 
1.46190 
1.61803 
1.77473 
1.93185 


1.73305 
1.41431 

L17557 
1.00000 
0.86776 
0.76536 
0.68404 
0.61803 
0.56346 
0.51763 


3. 

1.41 

1.338 

1.156 

Lll 

1.08 

1.063 

1.05 

L04 

1.087 


3 


4 


Square 


4 


5 
6 

7 

8 

9 

10 

11 

13 


Pentagon 

Hexagon 

Heptt^n 

Octagon 

Nonagon 

Decagon 

Und^agon.... 
Duodecagon... 


5 

6 

7 

8 

9 

10 

11 

13 
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TABLE XS. 
Tabu showiiig the WeigLt of a Liaetit Foot of S 



uiTc uul Round B«r-troiL 





Bids uid 












luiMllM- 




Sqauo In poundi. 


lu ladies 


BxTiDd to pound*. 


.m 


i 


.163 


30. 


S 


33.66 




i 




sa.BS 


SI 


S5.60 


.633 


} 


.G64 


35.9 


31 


87.65 






1.09 


37.96 




90.89 


1.87 


i 


1*7 


40,8 


3 


39.07 


S.&6 


I 


8. 


43.8 


S 


34.4 


8.88 




2.61 


46.87 


3 


sn-si 


i.31 


H 


3,31 


50.05 


3 


SS.31 


fi.2 




4.09 


£3,33 


4 


41.83 


e.8 




4.94 


66.71 


4 
4 


44.64 


r.8 




E.SO 


C0.9 


47.38 


B.S 




6.91 


C3.8 






10.S 




8.01 


67,5 


4 


68.01 


11.71 


9.9 


71.3 


4 


66.0 


13,33 




10.47 


76-S 


4 


69.06 


16.05 


H 


11.89 


7oai 


4 




16.87 


n 


13.36 


83,33 


6 


66.45 


18.8 




14.70 


82.46 


5 


79.30 




31 


16.36 


01.03 


E 


79.35 


93.96 




19.03 


14.43 


5 


86.73 


25.9 




1979 


Sf).U 


6 


91.43 


27 55 


31.63 









T*B 


X shon'iDi 


the Weiglit ia Founds of a Line^ Foot of FUt Bor-IroD closely 








hjunmered 
















TbiokDH 


iaiu[>rUol 


■ninoh. 








ill Iwbn. 


i 


f 


i 


& 


s 


» 1 ' 


^t^t 




.83 


1.25 


1.66 


2.0S 


S5 


2.01 


3.33 


1 




.93 


1.4 


1,87 


8.34 


2.81 


3.38 


3.75 


1 




1.04 


1,56 


H.08 


2.6 


3.12 


3.64 


4.16 


1 




1.14 


1.71 


8,29 


9.86 


3,4 


4.01 


4.58 


1 




1.25 


1.87 


2.5 


3.13 


3.76 


4.37 


5. 


1 




1.45 


a.is 


3.91 


3.64 


4.37 


5,1 


B.83 


1 




1.66 


a.5 


3.33 


4,16 


fi. 


6,83 


6.66 


8 


«i 


1.67 


2.81 


3.75 


4.68 


5.62 


6.56 


7,6 


31 


4 


3.08 


8.12 


4.16 


6.2 


6.35 


7.29 


8,33 


3} 


2J 


2,29 


3,43 


4.58 


6.73 


6.87 


8.02 


9.1G 


91 




2.6 


3.76 


6. 


6.25 


7.5 


8,75 


10. 


3 


31 


3.7 


4.06 


6.41 


6.77 


8.12 


9.47 


10.83 


Si 


3i 


9.91 


4.37 


6.83 


7.29 


8.75 


10.3 


11.66 


H 


3i 


3.11 


4.68 


6,25 


7.8 


9,37 


10,93 


1S.5 


31 




3.33 


S. 


6.66 


8.32 


10. 


11.66 


13,33 


4 




3.53 


5.31 


7.03 


S.S5 


10.63 


13.39 


14.10 


41 




3.74 


5.62 


7.5 


9.36 


11.25 


13.13 


15. 


ii 


4 


3.95 


5.93 


7.91 


9,88 


11.87 


13.85 


15.83 


4i 




116 


6.26 




10.4 


12.6 


14,53 


16.66 


5 




4.37 


6,55 


8!75 


10.93 


13.19 


15,31 


17.49 


H 




4,58 


6.8G 


9.16 


ll.-t5 


13.76 


16.04 


18,33 


H 


5 


4,79 


7-18 


9.5S 


11.97 


14.37 


16.77 


19.16 


61 


6 


5. 


7.5 


10. 


12.5 


15. 


17.5 


20. 


6 


6i 


6.2 


7.8t 


10.41 


13.03 


15.62 


18.23 


20.83 


61 



Weight of 
Breadth 
Weight, 



ordinary angle i 

in inches 

per foot, in lbs. 



m in lb*, per lineal foot : 
li 1) 1} 3 81 3} 
1.5 3.45 3.64 4.09 6.8 7.11 f 



3 31 34 
9.18 11,12 13.13 
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TABLE XXn. 

Weight of Hexagon Head and Nut, Square Head and Nut, Rose Head and Nut; 
will equal that of Bod-Lron of the same Diameter as the Bolts, and of the foUow- 
ing Lengths. 



Diameter 


Hexagon 


Square 
head A nut. 


Bose 


Diameter 


Hexagon 


Square 
head ft nut. 


Bose 


of bolt. 


head A nut 


head A nut 


of bolt. 


head 4 nut. 


headftnnt 




inches. 


inches. 


inches. 




inches. 


inches. 


indies. 




u 


ii 


1 




61 


8* 


H 




u 


1* 




7* 


9 


6 




n 


8 


2 




8i 


9f 


«* 




3i 


3} 


2i 




8} 


loX 


7 




3i 


H 


3 




91 


11* 


7* 




4t 


3J 


2 


10 


12 


8 


1 


6 


6 


4 


2* 


11* 


13* 


9 


u 


51 


6* 


4* 


2* 


12* 


15 


10 


li 


6* 


7i 


5 











Thickness of nut = diameter of bolt. 
„ head = ^ diameter of bolt. 

Whitworth's pitch of thread : inclination of sides of thread is an angle of 55^ for all 
diameterSi rounaed top and bottom. 

Every yard run 1 inch square = 10 lbs, 
„ foot super. 1 inch thick = 40 lbs. 
CaAt-iron is 5 per cent., or 100 lbs. weight, less than wiought-iron. 
5 per cent, for rivets on the whole amount of tonnage. 
A cube foot of wrought-iron =: 480 Iba. 



TABLE XXm. 

Table for calculating Girders on the Skew. 

Rule : Multiply the width of the Girder on the Square by the Numbers opposite the 

given Angle. 



Deg. min. 


Multiply. 


Deg. min. 


Multiply. 


Deg. min. 


Mnlt^dy. 


Dei^min. 


Multiply. 


19.00 


3.0716 


24.00 


2.4586 


29.00 


2.0626 


34.00 


1.7888 


.16 


3.0331 


.16 


2.4347 


.15 


2.0466 


.16 


1.7768 


.30 


2.9958 


.30 


2.4114 


.30 


2.0380 


.30 


1.7665 


.45 


2.9593 


.45 


2.3885 


.45 


2.0152 


.46 


1.7544 


20.00 


2.9238 


25.00 


2.3662 


30.00 


2.0000 


36.00 


1.7434 


.15 


2.8892 


.15 


2.3443 


.16 


1.1950 


.16 


1.7326 


.30 


2.8554 


.30 


2.3228 


.30 


1.9703 


.30 


1.7221 


.45 


2.8226 


.45 


2.3018 


.46 


1.9558 


.46 


1.7116 


21.00 


2.7904 


26.00 


2.2812 


31.00 


1.9416 


36.00 


1.7018 


.15 


2.7591 


.15 


2.2609 


.16 


1.9277. 


.16 


1.6912 


.30 


2.7285 


.30 


2.2412 


.30 


1.9139 


.30 


1.6812 


.45 


2.6986 


.45 


2.2217 


.46 


1.9004 


.46 


1.6713 


22.00 


2.6694 


27.00 


2.2027 


32.00 


1.8871 


37.00 


1.6616 


.15 


2.6410 


.15 


2.1840 


.16 


1.8740 


.16 


1.6521 


.30 


2.6132 


.30 


2.1657 


.30 


1.8611 


.30 


1.6426 


.45 


2.5859 


.45 


2.1477 


.45 


1.8486 


.45 


1.6334 


23.00 


2.5593 


28.00 


2.1300 


33.00 


1.8361 


38.00 


1.6242 


.15 


2.5333 


.16 


2.1127 


.15 


1.8238 


.15 


1.6163 


.30 


2.5079 


.30 


2.0957 


.30 


1.8118 


.30 


1.6064 


.45 


2.4830 


.45 


2.0790 


.46 


1.8000 


.46 


1.5976 



{emlimiei) 



X 2 



V 808 


" 


LANT) ASD ENGINEERINO SURVEYIXr,. 
Tablk XXin.— wh/.'kW. 




1 


1 


^1 l^.n,\u. 


MolBplj. 


D»MiiliL 


Unlllply, 


r>«.nihL 


Mutll,,[y. 


PcB-mta 


HiaUply, 


^m 


1,0 SQO 


50.16 


1.3O00 


61.30 


1.1379 


72.15 


1.0471 


■ 


1.6805 


.30 


1.29B7 


.45 


1.1353 


73.00 


1.0457 




^H 


1.57SI 


,46 


1.8913 


63.00 


1.1396 


.15 


1.0*43 




^1 


LSliSU 


51.00 


i.ase; 


.15 


1.1300 


.30 


1,0430 




^B M.00 


1.6647 


.15 


1,8SS3 


.30 


1.1974 


.45 


1,0416 




^m 


1.5477 


.30 


1.3778 


.45 


1.1S49 


71.00 


1.0403 




■ .30 


1.6398 


,46 


1.3734 


03.00 


1.1234 


.16 


1.0390 




■ 


1.63»0 


59.00 


1.30UO 


.IR 


1.1199 


.30 


1.0S77 




^1 41 .1)0 


1.6243 


.16 


1.8047 


.30 


1.1174 


.45 


1,0365 




^1 


1.5107 


.30 


l,3nor> 


.45 


1.1160 


75.00 


1,0353 




^1 


1.6009 


,46 


1,3503 


04.OI) 


1.1136 


.15 


1.0341 




^H .is 


1.6017 


53.00 


1.35il 


.16 


1.1103 


.30 


1,0338 




^1 42.00 


1.4945 


.15 


1.S4H0 


.30 


1,1080 


.45 


1,031S 




^1 


l.iS73 


,30 


1,3440 


.45 


1.1056 


76.00 


1.03O6 




^1 


1.4S01 


.45 


1,84J0 


65.00 


1.1034 


.16 


1,0396 




■ 


1.4739 


64.00 


1.9301 


.15 


1.1012 


.30 


1.09S4 




^M 43.00 


1.4CG9 


.15 


1.^393 


.30 


1.0990 


.45 


1.027* 




^1 


1,4694 


.30 


1.9KS3 


.45 


1.0968 


77,00 


1.0263 




^H 


1.4537 


.45 


l.SMfi 


60.00 


1.0947 


,15 


1.0953 




^H 


1.4461 


5r..oo 


1.2808 


.15 


1.09i5 


.30 


1,0243 




^M 44.00 


1.4396 


.15 


1.8171 


.30 


i.ma 


,16 


1,0S34 




■ 


1.4331 


.30 


1.2134 


.45 


1.0884 


78.00 


1.0334 




^1 .30 


1.4afi7 


.45 


i.i(.m 


07.00 


1.0864 


.15 


1.0914 




^M 


1.4304 


ac,.m 


1.30<t8 


.16 


1.0844 


.80 


1.0206 




^M 46.00 


1.1U9 


.16 


1.S027 


.30 


1.0821 


.45 


1.0196 




^H 


l,4ti49 


.30 


1.1092 


.46 


1.0S05 


79,00 


1.0187 




^H 


],4oao 


.45 


1.1958 


08.00 


1,0786 


.15 


1.0176 




^H 


1.3981 


67.00 


1.1924 


.15 


1.07fifl 


.30 


1.0170 




^r 46.00 


1.3'JOS 


.16 


1.1S90 


.30 


1.0718 


80.00 


1.0164 




^ .16 


1.3S43 


.30 


1.18S7 


.45 


1.0730 


.30 


1.0139 


1 


.30 


1.37SG 


.46 


I.ISM 


09,00 


1,0711 


81,00 


1.0194 


'- 


.45 


1,3729 


BS.()0 


1.17!i3 


.15 


1,0694 


.30 


l.OUl 




47.00 


l,Sfi73 


.15 


1.1 7C0 


.30 


l.or.ro 


S2,00 


I.OIOS 




.IS 


1.361 S 


.30 


1.1798 


.46 


1,0659 


.30 


1.0086 




.30 


1.3504 


.45 


1.1607 


70.00 


1,0042 


83,00 


1.0075 




.46 


1.3510 


59.00 


1.1 G66 


.16 


1.0095 


.30 


1.0065 




48.00 


1.3457 


.15 


1.163G 


.30 


],000S 


84,00 


1.0065 




.16 


1.3404 


.30 


l.lfiOe 


.45 


1.0592 


85.00 


1-OOJS 




.30 


1.3358 


.45 


1.1576 


71.00 


1.0576 


86,00 


1.003'J 




H3 


1,3301 


00.00 


1.1 B47 


.15 


1,0561 


87,00 


1,0013 




49.00 


1.32B1 


.16 


1.161S 


.30 


1,0545 


88,00 


1,0006 




.15 


1.3B00 


.30 


1.1400 


.45 


1.0530 


89.00 


1.000 1 




.30 


1.3161 


.46 


1.1401 


72.00 


1,0514 


90,00 


1.0000 




.45 


1.3109 


01.00 


1.1434 


.15 


1,0500 








BO.OO 


1,3054 


.16 


1.1400 


.30 


1,04S5 
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TABLE XXIV. 
Table of the Weight of a Lineal Foot of Cast-iron Pipes, in Pounds. 



Dia-in 
inches. < 


1 


1 


1 


« 


} 


1 


1* 


li 


2 


B.8 


12.3 


16.1 


20.3 










2i 1< 


5.6 


14.7 


19.2 


23.9 










3 1 


2.4 


17.2 


22.2 


27.6 


33.3 


39.3 


45.6 




3J 1 


4.2 


19.6 


25.3 


31.3 


37.6 


44.2 


51.1 




4 1 


6.1 


22.1 


28.4 


35.0 


41.9 


49.1 


56.6 


64.4 


4* 1 


8.0 


24.5 


31.4 


38.7 


46.2 


64.0 


62.1 


70.6 


5 1 


9.8 


27.0 


34.5 


42.3 


50.5 


58.9 


67.6 


76.7 


5i 2 


1.6 


29.5 


37.6 


46.0 


54.8 


63.8 


73.2 


82.8 


6 2 


3.5 


31.9 


40.7 


49.7 


59.1 


68.7 


78.7 


88.8 


6i 2 


5.3 


34.4 


43.7 


53.4 


63.4 


73.4 


84.2 


95.1 


7 2 


7.2 


36.8 


46.8 


56.8 


67.7 


78.6 


89.7 


101.2 


7i 2 


9.0 


39.1 


49.9 


60.7 


72.0 


83.5 


95.3 


107.4 


8 3 


0.8 


41.7 


52.9 


64.4 


76.2 


88.4 


100.8 


113.5 


Sh 3 


2.9 


44.4 


56.2 


68.3 


80.8 


93.5 


106.5 


119.9 


9 3 


4.5 


46.6 


59.1 


71.8 


84.8 


98.2 


111.8 


125.8 


9^ 3 


6.3 


49.1 


62.1 


75.5 


89.1 


103.1 


117.4 


131.9 


10 3 


8.2 


51.5 


65.2 


79.2 


93.4 


108.0 


122.8 


138.1 


lOJ 


*• 


54.0 


68.2 


82.8 


97.7 


112.9 


128.4 


144.2 


11 


.* 


56.4 


71.3 


86.5 


102.0 


117.8 


133.9 


150.3 


llj 


*• 


58.9 


74.3 


90.1 


106.3 


122.7 


139.4 


156.4 


12 


!•• 


61.3 


77.4 


93.6 


110.6 


127.6 


145.0 


162.6 


13 


. . 


••• 


82.7 


101.2 


118.2 


137.4 


154.1 


173.6 


14 


> ■• 






89.3 


108.2 


126.5 


146.2 


165.3 


185.2 


15 


k . . 






95.2 


115.7 


135.3 


156.2 


176.2 


198.1 


10 


• . 






• •• 


123.3 


143.1 


166.1 


187.5 


211.3 


17 


1 . . 










130.2 


152.5 


178.5 


198.2 


223.4 


18 


1 • • 








1 • • 


137.0 


161.2 


185.3 


209.1 


235.6 


19 


> . . 










••• 


169.2 


195.7 


222.3 


247.1 


20 


> • . 










••• 


178.1 


205.2 


233.2 


259.0 


21 


1 • • 










• !• 


1 *• 


214.1 


243.5 


273.2 


22 


• ■ • 










m»» 


... 


223.0 


254.8 


285.4 


23 


> . • 










• •• 


••• 


233.4 


265.5 


298.S 


24 


> ■• 










• •• 


... 


245.2 


277.5 


310.6 



Note, — ^Tbe weight of two flanges of a pipe are generally reckoned equal to the 
weight of one foot in length. 



TABLE XXV. 
Table for purchasing Leases, Annuities, or Estates. 



YEABS' PUIbCHASB. 



Tours 


















of lease, 
Ac 


8p. e. 


4 p. a 


6p. c. 


6p. c. 


7p. c. 


8p.c. 


9p.o. 


10 p. a 


1 


0.97 


0.96 


0.95 


0.94 


0.93 


0.93 


0.92 


0.91 


2 


1.91 


1.89 


1.86 


1.83 


1.81 


1.78 


1.76 


1.74 


3 


2.83 


• 2.78 


2.72 


2.67 


2.62 


2.58 


2.53 


2.49 


4 


3.72 


3.63 


3.55 


3.47 


3.39 


3.31 


3.24 


3.17 


5 


4.58 


4.45 


4.33 


4.21 


4.10 


3.99 


3.89 


3.79 


6 


5.42 


5.24 


6.08 


4.92 


4.77 


4.62 


4.49 


4.36 


7 


6.23 


6,00 


5.79 


6.58 


6.39 


5.21 


6.03 


4.87 


8 


7.02 


6.73 


6.46 


6.21 


6.97 


5.75 


5.53 


6.34 


9 


7.79 


7.4i 


7.11 


6.80 


6.52 


6.25 


6.00 


5.76 



{cotttinucd) 
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LAND AND S3IGIN£EBING SUSVETINO. 



Table JXV.^-ctmHmied. 



TSARS' PUBCHASB. 



Tc«ra 


















Ao. 


Sp.a 


4p.a 


5|i.a 


• l^e. 


7p.e. 


8p^ e. 


9pwe. 


MlKe. 


10 


8.53 


8.11 


7.78 


7.36 


7.08 


6.71 


6.48 


6.14 


11 


9.85 


8.76 


8.31 


7.89 


7.50 


7.14 


6.81 


6.50 


13 


9.95 


9.39 


8.86 


8.38 


7.94 


7.54 


7.16 


6.81 


13 


10.64 


9.99 


9.39 


8.85 


8.36 


7.90 


7.49 


7.10 


14 


11.30 


10.56 


9.90 


9.80 


8.75 


8.84 


7.79 


7.37 


15 


11.94 


11.18 


10.38 


9.71 


9.11 


8.56 


8.06 


7.61 


16 


18.56 


11.65 


10.84 


10.11 


9.45 


8.85 


8.81 


7.83 


17 


18.17 


18.17 


11.87 


10.48 


9.76 


9.13 


8.54 


8.03 


18 


13.75 


18.66 


11.69 


10.83 


10.06 


9.37 


8.76 


8.30 


19 


14.38 


13.18 


18.09 


1L16 


10.34 


9.60 


8.96 


8.87 


80 


14.88 


18.59 


18.46 


11.47 


10.59 


9.88 


9.18 


8.51 


91 


15.48 


14.08 


18.88 


11.76 


10.84 


10.08 


9.89 


8.65 


S3 


15.94 


14.45 


18.16 


18.04 


11.06 


10.80 


9.44 


8.77 


98 


16.44 


14.86 


13.49 


18.30 


11.87 


10.37 


9.58 


8.88 


34 


16.94 


15.36 


18.80 


18.55 


1L47 


10.58 


9.71 


8.99 


35 


17.41 


15.68 


14.09 


18.78 


11.65 


10.67 


9.88 


9.08 


36 


17.88 


15.98 


14.88 


13.00 


11.88 


10.81 


9.93 


9.16 


37 


18.83 


16.83 


14.64 


18.81 


11.99 


10.94 


10.03 


9.34 


38 


18.76 


16.66 


14.90 


18.41 


18.14 


11.05 


10.18 


9.81 


39 


19.19 


16.98 


16.14 


18.69 


18.88 


11.16 


10.80 


9.87 


80 


19.60 


17.39 


15.87 


18.77 


18.41 


11.26 


10.87 


9.48 


81 


80.00 


17.59 


15.59 


18.98 


18.53 


11.85 


10.34 


9.48 


83 


80.39 


17.87 


15.80 


14.08 


18.65 


11.43 


10.41 


9.53 


83 


80.77 


18.15 


16.00 


14.83 


18.75 


11.51 


10.46 


9.67 


34 


81.13 


18.41 


16.19 


14.37 


12.85 


11.59 


10.52 


9.61 


35 


81.49 


18.67 


16.37 


14.50 


12.95 


11.65 


10.57 


9.64 


86 


21.83 


18.91 


16.55 


14.62 


13.04 


11.72 


10.61 


9.68 


37 


22.17 


19.14 


16.71 


14.74 


13.12 


11.78 


10.65 


9.71 


88 


22.49 


19.37 


16.87 


14.85 


13.19 


11.83 


10.69 


9.73 


89 


22.80 


19.58 


17.02 


1495 


13.26 


11.88 


10.73 


9.76 


40 


23.12 


19.79 


17.16 


15.05 


13.33 


11.93 


10.76 


9.78 


41 


23.41 


19.99 


17.29 


15.14 


13.39 


11.97 


10.79 


9.80 


43 


23.70 


20.19 


17.42 


15.23 


13.45 


12.01 


10.81 


9.82 


43 


23.98 


20.37 


17.55 


15.31 


13.51 


12.04 


10.84 


9.83 


44 


24.25 


20.55 


17.66 


15.38 


13.56 


12.08 


10.86 


9.85 


45 


24.52 


20.72 


17.77 


15.46 


13.61 


12.11 


10.88 


9.86 


46 


24.78 


20.89 


17.88 


15.52 


13.65 


12.14 


10.90 


9.S8 


47 


25.03 


21.04 


17.98 


15.59 


13.69 


12.16 


10.92 


9.S9 


48 


25.27 


21.20 


18.08 


15.65 


13.73 


12.19 


10.93 


9.90 


49 


25.50 


21.34 


18.17 


15.71 


13.77 


12.21 


10.95 


9.91 


50 


25.73 


21.48 


LS.26 


15.76 


13.80 


12.23 


10.96 


9.92 


55 


26.77 


22.11 


18.63 


15.99 


13.94 


12.32 


11.01 


9.95 


60 


27.68 


22.62 


1S.93 


16.16 


14.04 


12.33 


11.05 


9.07 


65 


2S.45 


23.05 


10.16 


10.29 


14.10 


12.42 


11.07 


9.9S 


70 


29.12 


23.40 


19.34 


10.30 


14.10 


12.14 


11.08 


9.00 


75 


29.70 


23.6S 


19.49 


10.40 


14.20 


12.16 


11.09 


9.00 


80 


30.20 


23.92 


19.00 


10.51 


14.22 


12.47 


11.10 


10.00 


85 


30.63 


21.11 


19.08 


10.55 


11.24 


12.43 


11.10 


10.00 


90 


31.00 


24.27 


19.75 


10.58 


14.25 


12.49 


11.11 


10.00 


95 


31.32 


24.40 


19. SI 


10.00 


1 k20 


12.40 


11.11 


10.00 


100 


31.60 


24.51 


19.85 


10.02 


11.27 


12.40 


11.11 


10.00 


Pcrp. 


33.33 


25.00 


20.00 


10.07 


11.20 


12.50 


11.11 


10.00 
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TABLB XXVL 
Table for parchasiDg Leases^ Estates, or Annuities, held upon a Single Life. 



TSARS' PUBOHASB. 



of Age. 

1 
% 

8 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 

.28 
29 

30 
31 
32 
33 
34 
35 
36 

87 

38 
39 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



Spw e. 

16.02 
18.60 
19.58 
20.21 
20.47 
20.73 
20.85 
20.89 
20.81 

20.66 
20.48 
20.28 
20.08 
19.87 
19.66 
19.44 
19.22 
19.01 
18.82 

18.64 
18.47 
18.31 
18.15 
17.98 
17.81 
17.64 
17.47 
17.29 
17.11 

16.92 
16.73 
16.54 
16.34 
16.14 
15.94 
16.73 
15.52 
15.30 
15.08 

14.85 
14.62 
14.39 
14.16 
13.93 
13.69 
13.45 
13.20 
12.95 
12.69 



4pba 

13.47 
15.63 
16.46 
17.01 
17.25 
17.48 
17.61 
17.66 
17.63 

17.52 
17.39 
17.25 
17.10 
16.95 
16.79 
16.63 
16.46 
16.31 
16.17 

16.03 
15.91 
15.80 
15.68 
15.56 
15.44 
15.31 
15.18 
15.05 
14.92 

14.78 
14.64 
14.50 
14.35 
14.20 
14.04 
13.88 
13.72 
13.55 
13.38 

13.20 
13.02 
12.84 
12.66 
12.47 
12.28 
12.09 
11.89 
11.69 
11.48 



6p. e. 

11.56 
13.42 
14.14 
14.61 
14.83 
15.04 
15.17 
15.23 
15.21 

15.14 
15.04 
14.94 
14.83 
1471 
14.59 
14.46 
14.33 
14.22 
14.11 

14.01 
13.92 
13.83 
13.75 
13.66 
13.67 
13.47 
13.38 
13.28 
13.18 

13.07 
12.97 
12.86 
12.74 
12.62 
12.50 
12.38 
12.25 
12.12 
11.98 

11.84 
11.70 
11.65 
11.41 
11.26 
11.11 
10.95 
10.78 
10.62 
10.44 



6 p. a 

10.11 
11.72 
12.35 
12.77 
12.96 
13.16 
13.28 
13.34 
13.34 

13.28 
13.21 
13.18 
13.04 
12.95 
12.86 
12.76 
12.66 
12.56 
12.48 

12.40 
12.33 
12.27 
12.20 
12.13 
12.06 
11.99 
11.92 
11.48 
11.76 

11.68 
11.60 
11.51 
11.42 
11.33 
11.24 
11.14 
11.04 
10.93 
10.82 

10.71 

10.59 

10.47 

10.36 

10.24 

10.11 

9.98 

9.85 

9.71 

9.56 



f p^o. 

8.96 
10.39 
10.94 
11.32 
11.49 
11.67 
11.78 
11.84 
11.85 

11.81 
11.76 
11.69 
11.62 
1L55 
11.47 
11.38 
11.30 
11.23 
11.16 

11.09 
11.04 
10.99 
10.94 
10.89 
10.84 
10.78 
10.72 
10.66 
10.60 

10.54 
10.47 
10.40 
10.33 
10.26 
10.18 
10.10 
10.02 
9.94 
9.85 

9.75 
9.66 
9.56 
9.47 
9.37 
9.26 
9.15 
9.04 
8.93 
8.80 



8p.o. 

8.05 
9.32 
9.81 
10.15 
10.30 
10.47 
10.67 
10.63 
10.64 

10.61 

10.57 
10.52 
10.46 
10.40 
10.34 

10.27 
10.20 
10.14 
10.08 

10.08 
9.99 
9.95 
9.91 
9.87 
9.82 
9.78 
9.73 
9.69 
9.64 

9.58 
9.53 
9.48 
9.42 
9.36 
9.30 
9.23 
9.16 
9.09 
9.02 

8.94 
8.86 
8.78 
8.70 
8.62 
8.53 
8.44 
8.35 
8.25 
8.15 

ieontitmed) 



Ujl 



I 
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TBABS- PCBOUABK. 



^ 


Sp-D- 


.P.C 


»p.6 


ep.a 


IX. 


Bim. 


fiO 


13.44 


11.90 


10.87 


0.18 


8.68 


8.0* 


61 


13.18 


11,06 


10.10 


9.87 


8.B6 


7.04 


68 


11.03 


10.85 


0.83 


0.13 


8.44 


7.8S 


69 


11.67 


10.64 


9.7S 


8.98 


8.31 


7.78 


6i 


11.41 


10.43 


9.S7 


8.83 


8.18 


7.61 


G6 


11.15 


10.80 


9.38 


8.67 


8.06 


7.60 


66 


10.88 


9.99 


0.10 


8.51 


7.91 


7.8S 


67 


10.61 


9.76 


9.0(1 


S.31 


7.77 


7.36 


es 


10.31 


9.53 


8-80 


8.17 


7.02 


7.18 


SU 


10.06 


9.88 


B.flO 


8.00 


7.47 


7.00 


SO 


B.78 


9,04 


8.39 


7.89 


7.31 


6.86 


<1 


9.19 


8.80 


B.13 


7.6* 


7.15 


6.79 


03 


9.81 


8.S5 


7.97 


7.45 


6.99 


6,67 


63 


6.Q1 


8.39 


7.7* 


7.95 


6.83 


6.4S 


0-1 


e.6i 


8.03 


7.51 


7.06 


6.64 


6.36 


06 


8.30 


7.76 


7.98 


6.81 


6.16 


6.10 


M 


7.99 


7.49 


7.0S 


6.03 


6.36 


5.93 


07 


T.68 


7.81 


G.7» 


6.41 


6,06 


5.74 


08 


7.87 


6.93 


e.5t 


6.18 


5.86 


6-56 


00 


7.06 


6.65 


6.88 


6.95 


6.66 


6.37 


70 


6.73 


6.36 


6.02 


6.72 


G.13 


6.18 


71 


6.48 


0.08 


6.7a 


5.4S 


6.83 


4.98 


78 


6.10 


6.79 


6.50 


e,S4 


6.00 


4.78 


78 


5.79 


6,57 


5.95 


6.00 


4.78 


4.58 


74 


6.49 


5.33 


499 


4.77 


1.57 


4.38 


75 


6.80 


4.9C 


4.7* 


4.61 


4.35 


4.18 


76 


403 


4-71 


4.51 


4.39 


4.15 


3.00 


77 


4.65 


4.46 


4.23 


4.11 


3.95 


3.81 


78 


4.37 


4.30 


4.01 


3.88 


3.71 


3.61 


79 


4.08 


3.93 


3.78 


3.64 


3,51 


3.39 


80 


3.78 


3.64 


3.52 


3.39 


3.38 


3.17 


81 


3.60 


3.38 


3.28 


3.16 


3.06 


8.96 


sa 


3.23 


3.13 


3.02 


8.93 


2.81 


9.76 


83 


8.93 


8.89 


3.80 


8.71 


8.63 


3.S6 


84 


9.79 


2.7) 


8.63 


2.55 


3.18 


2.41 


85 


S.68 


8.54 


8.47 


9.10 


3.31 


3.28 


86 


8.46 


3.39 


8.33 


2.S7 


2.21 


3.15 


87 


3.31 


2.85 


S-19 


3.11 


3.09 


2.04 


88 


8.19 


3.13 


3.08 


2.03 


1.98 


1.04 


89 


9.01 


1.97 


1.92 


1.88 


1.81 


1.80 


90 


1.79 


1.76 


1.72 


1.09 


1.66 


1.63 


91 


1.50 


1.17 


1.15 


1.13 


1.40 


1.37 


98 


1.19 


1.17 


1.15 


1.37 


1.19 


1.10 


03 


0.84 


0.S3 


0.82 


0.81 


0.90 


0.79 


9i 


0.51 


0.33 


0.52 


0.52 


0.51 


0.51 


95 


0,24 


0.31 


0-8i 


0.34 


0-23 


0.23 
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TABLE XXVn. 
Table of Lineal Measure. 



Inches. 


Liiiki. 


Feet. 


Yards. 


Polos. 


Chains. 


Furlongs. 


Miks. 


7.92 


1 














12 


1.515 


1 












3(5 


4.545 


3 


1 










198 


25 


16.5 


5.5 


1 








792 


100 


66 


22 


4 


1 






7920 


1000 


660 


220 


40 


10 


1 




63300 


8000 


5280 


1760 


320 


80 


8 


1 



TABLE XXVIII. 
Table of Square Measure. 



Bq. links. 


Sq. feet. 


Sq. yarcU. 


o?li{:?h^.'8<i- «»»»*"» 


Sq. Roods. 


Sq. acres. 


Sq. mile. 


2.296 


1 














20.661 


9 


1 












625 


272.25 


30.25 


1 








10000 


4356 


484 


16 


1 








25000 


10890 


1210 


40 25 


1 






100000 


43560 


4840 


160 


10 


4 


1 




64000000 


27878400 


3097600 


102400 


6400 


2560 


640 


1 



The Trench acre, or arpent» contaius 54540 English square feet. 



TABLE XXIX. 

Table of Solid Measure. 

1728 cubic inches .... 1 foot. 

27 „ feet 1 yard. 

50 ,, „ 1 load of squared timlicr. 

40 „ „ 1 load of unhewn timber. 

An imperial standard gallon contains 277.274 cubic iuclies. 



TABLE XXX. 
Table of Avoirdupois Weight. 



175 lbs. troy = 144 lbs. avoirdupois. 



Drachms. 


Ounces. 


Pounds. 


Quarters. 


CwU. 


Ton. 


16 


1 










256 


16 


1 








716S 


448 


28 


1 






28672 


1792 


112 


4 


1 




573440 


35840 


2240 


80 


20 


1 



U4 
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TABLE XXXL 
of AToirdupois Weight, 113 tbs. the Integer. 



PBUdK [ 


taoillBU 


OtineM. 


Deolnali. 




DedoMl*. 


1 


OI)S93S 




.000558 


1 


.as 


2 


317867 




.001 nc 


a 


-B 


3 


Q26786 




.001674 


3 


.75 


4 


1)3571* 




.002338 






S 


outiia 




.0097'JO 






6 


953571 




.00331S 






7 


l)fi35 




.003900 






B 


1171438 


8 


.WMM 






B 


1180337 










10 


[>Sg2S6 










11 


W8!U 










la 


107U3 










i» 


116071 










u 


I3S 











1 tlic aniidxed UMe, tukc 
n together, tliiis : 5 + .142357 + .003790 = 



TABLE XXXn. 
EijuivALKKTa of EcgUsh Coiu, £1 the Litcger. 



Hlilllliigs. 


D^»^ 


Penw. 


Dediii.lt 


Juthingi. 


OecHDoa.. 




.03 


1 


.004166 


1 


.0010416 


8 


.1 


8 


.008333 


8 


.0080833 


3 


.15 


3 


.0125 


3 


.003185 






4 


.016r>6G 








.35 


5 


.020833 








.3 


6 


.035 






7 


.35 










8 


.4 










9 


.45 










10 


.6 










11 


.56 










12 


.6 










13 


.69 










U 


.7 










15 


.75 










16 


.8 










17 


.85 










IS 


.9 










19 


.95 











TABLE XXXm. 
EqniTALEHTS of Feet uid Ytrds, Liteger One Foot and One Yard. 



iDcha. 


Poet 


T»rd». 


Iiichci. 


FMt. 


T»rf«. 


1 


.083333 


.037777 


7 


.583333 


.194444 


3 


.16G6G6 


.055555 


8 


.666666 


.222223 


3 


.25 


.083333 


9 


.75 


.35 


4 


.333333 


.nun 


10 


.833333 


.277777 


5 


.4166G6 


.138888 


11 


.9I6CG6 


.305556 


6 


.5 


.1666GG 


13 


1.000000 


.333333 
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TABLE XXXIV. 
Weioht of Materials per Cubic Foot, and Number of Feet to a Ton. 



Brick, red . • 

,, oonunon 

n London stock 
Cement, Portland 

,, Eoman . 
Chalk . 
Earth * 
Ghti?el 

Lime stone • 
Ditto, chalk . 
Sand . 

Yorkshire stone 
Portland 
Bath 
Granite 
Deals 

Fir timber . 
Elm 

Oak . . 
Water, rain 



WeUht 

of oablc feet 

in 11m. 



135 

]10 

115 
84 
60 

140 
95 

113 
53 
44 
90 

143 

131 

112 

164 
44 
37 
37 
58 
68i 



Cnbefoot 
per ton. 



17 

301 

19} 

361 

37i 

17* 

33i 

20 

42i 

51 

25 

14* 

15 

16 

13i 

66 

64 

60 

50 

35} 



A oabio yard of earth before digging will occupy 1* cubic yards when dug. 



TABLE XXXV. 
Ah English Foot (Long Measure) compared with a Foot of different Countries. 



EnffUflh 
inchea. 

Bologna foot .... 15.534 

Dantzic 11.328 

Danish 12.504 

Rhineland 12.396 

Strasburg 11.424 



EnglUh 
inuies. 

Grecian foot .... 12.0875 

Nuremberg 12 

Paris 12.816 

Swedish n.733 

Venetian 13.944 



TABLE XXXVL 
Length of a Mile in different Countries, given in English Yards. 



Turds. 

English mile 1760 

Russian ditto 1110 

Italian ditto 1467 

Scotch and Irish ditto . . . 2200 

Polish ditto 4400 

Spanish ditto 5028 



Tarda. 

German mile 5826 

Swedish ditto 7233 

Danish ditto 7233 

Small degree, in France . . . 2933 

Mean ditto 3666 

Large ditto 4400 
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TABLE KXXVn. 
roHEiGN Money compitred with Englisli Monej. 



c™^. 


win. 


Knml«r 
Infl 


CtnaWM. 


HuneoT 

win. 


Knmbor 

loZI 
EdgIMl 


Bngknd. . . 
America , . . 
Anstrin . . . 
Dcnui&rk . . 
Fnooe . . . 


Shilling . 
Dollar . 
Floriu . . 
Dollar . . 
Franc . . 


*.S 
9.S3 
9.104 
8S.67 


HoIUnd. . . 
PortuBui . . 
Pmssui . . . 
Russia . . . 
Spain . . . 


Milreis! '. 

Dollar . . 
Koublo . 
Dollw. . 


11.97 
i.SSS 
B.9 
6.4 
0.31 



TABLE rxxvm. 

Of Fctucli Weights and Measures. 

Tlie FrcnoU system of neighU and tnciuun^ at present is made easy of cornprclirnsion, 
it being ouIt necessary U) bur in mind llie tolbwing, nanmly : Tlie Are, Metro, Slkn, 
Litre, and Gramme ; the oUiors ail beiuff relklcd in a tenfold proportiou. lUo [irecediug 
part of the word making the di«ttnclioD, Uie t-crminatioiu all bemg the some. 

Thus: Decam&tre, Ilcclomitrc, KilomHre, ftc., signifying 10, 100, 1000, &c, tiiiiea 
the niKtre ; nnd Decim^t^e, Centimetre, Millimetre, &c., sillying 10, lOiJ, lOOO parts of 
the n&tre ; the others in all cases being tlie same, as Decigramme, Centigramme, Milli- 
gramme, ftc. 

X, The Arc is used in superficial measorc, and is equal to 119,8046 English sqnare 

5. The UiUv is used for lineAl measure, or measures of length, and ta equal to 

39.371 English inches. 
3. The Stfere is used in solid mcMurc, and is equal to 35.317 English cubic feet. 
i. The Litre is used in meusurca of capuiity, and is equal to Ot.OSS English inches. 

6. The Gramme is usediu oil cases of weights, and is equid to 15.414 English grains. 



TABLE XXXIX. 



s purjioscs in Decimals. 
a place of dividing by 14^, multiply by 
place of ditidin^ by 1738, mnltijily by 



ApiBoiiuATE Rules for Tsric 

I. To reduDO square inches to square feetj 
.007. 

S. To reduce cubic inches to cubic feet, i 
.0OOS8. 

3. To reduce cubic feet to ale gallons, in pbce of dividing by 38S, multiply by 6.128 ; 
and to reduce cubic inches to ale gallons, multiply by .003540. 

4. To reduce cubic feet to wine gslloiis, in place of dividing by 231, multiply by 7.48 ; 
and to reduce cubic inches to wine gallons, nmliiply by .00433. 

5. To reduce cubic feet to imperial gulloQs, in place of dividing by 277.274, multiply 
by 6.332; acid to reduce cubic iuches to imperinl gnllons, multiply Dy .003007. 

G. To reduce pounds to cwts., in phice of dividing by 112, multiply bv .0OS93; and to 
reduce pounds to tons, in place of dividing by 113 and by 12, multiply by .00044743; 
ut for common pu^po»^s, by .00045. 
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7. To reduce old measure to new : 

Com measure multiply bj .96943 

Wine measure „ by .83311 

Ale measure „ by 1.01704 

8. To reduce new measure to old : 

Com measure multiply by 1.03153 

Wine measure „ by 1.20032 

Ale measure ,, by .98324 

9. To reduce avoirdupois to troy pounds, multiply by 1.21527 ; and to reduce avoir- 
dupois ounces to troy ounces, multiply by .9115. 

10. To reduce tro^ pounds to avoirdupois pounds, multiply by .823; and to reduce 
tro][ ounces to avoirdupois ounces, multiply by 1.1 ; and to reduce troy grains to 
avoirdupois drachms, multiply by .03657. 

11. To reduce cube inches of cast-iron, wrought-iron, brass, and lead to cwts. : 

Cast-iron multiply by .00235 

Wrought-iron „ by .002464 

Brass. „ by .002558 

Lead „ by .00367 - 



TABLE XL. 
Sizes of Drawing Paper. 



Ft in. 

Antiquarian 4. 4 

Ditto, extra size • . . . 4. 8 
Double elephant . . . . 3. 4 

Atlas 3. 9 

Columbia 2.10 

Elephant 2. 3} 



Ft to. 




Ft to. Ft to 


x2. 7 


Double crown . . . 


. . . . 3. 6 X 1.8 


x3. 4 


Imperial . . . . 


. . . . 2. 6 X 1.9 


x2. 2 


Super royal . . . 


, . . . 2. 3 X 1.7 


x2. 2 


Royal 


. . . 2. X 1.7 


xl.ll 


Medium . . . . 


. . . . 1.10 X 1.5 


X l.lOi 


Demy .... 


, . . . 1. 8 X 1.3 



THE END. 
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THE IRON MANUFACTURE OF 

GREAT BRITAIN, 

THEORETICALLY AND PRACTICALLY CONSIDERED ; 

Aiduding Detcriptive details of the Oret, Fuelfl, and Flaxes employed ; the Prelimiiiary 
Operation of Calcination; the Blast, Beflning, and Paddling Farnaces; Engines and 

Machinery ; and the rarioas Processes in Union, Ac. 

BY WILLIAM TRURAN, C.E., 

Formerly Engineer at the Dowlais Iron Works, under the late Sir John Gaest, Bart, 
sabseqoently at the Hirwain and Forest Works^ andor Mr. Crawshay. 

SECOND EDITION. 

Berised from the manascript of the late Mr. Tsubav, 

By J. ARTHUR PHILLIPS, 

Author of << A Manual of Metallargy," << Becords of Mining," fto, 

AXD 

W. H. DORMAN, C.E. 



OPINIONS OF THE FBBSS. 



" The book treats of every detail connected with the arrangement, erection, and practical 
management of Iron Works, in the most minute and careftil manner ; and the yarions ores and 
the materials employed in redocing the ores, and in producing the metal in its various stages up 
to the finished metid — ^in the form of Bails, Merchant Bars, Bods, Hoops, and Pla t es are most 
thoroughly and edentiflcally dealt with, and in the most hitelligihle manner brought before the 
reader."— ilrfiMii, October, 1862. 

" The most complete and practical treatise upon the Metallurgy of Iron to be found in the 
English language.**— Cofliery Gwardiam, NoTsmber 29, 1862. 

" Mr. Tmran's work is really the only one deserving the name of a treatise upon and text-book 
of the Iron Manufacture of the S^ingdom. It gives a most comprehensive and minute exposition 
of present practice, if the term may be applied to Iron Manufacture as distinguished tmrn strictly 
professional subjects. The author does not go out of his way to theorise upon how Iron should 
or may be made, but he describes how it is made in all the Iron Districts of the kingdom.*'-— 
Engineer, December 26, 1862. 

" It has seldom fallen to our lot to introduce to the notice of the scientific public a more 
valuable work than this. It is evidently the result of long, csreftil, and practical observation, 
and it forms at once a glorious monument to the memory of its author, and an excellent guide to 
those who are directly or indirectly interested in the great subject of which it treats.**— JbTadkaiie/ 
Magazine^ September 26, 1862. 

** To the valuable character of Mr. Truran*s work we fblly referred upon the publication of the 
first edition, and we cannot say mora in praise of the very handsome volume before us, than that 
whatever information was wanting in the former has now been careftUly supplied, and that the 
whole work appears to have been subjected to an amount of carefol revision which has rendered it 
as near as may be perfect, and consequently gives it a Just daim to the highest position as a 
standard work upon the Metallurgy of the Metal of wMch it treats. Scientific knowledge and 
practical experience have been brought to bear in its production, and all the valuable elements of 
each have besn most Judiciously combined.** — ^iftmlii^ Jountai, September 20, 1862. 
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CHEMICAL TABLES.— 

A Series of Tables of Qualitative Analysis, fiom 
the simplest to the most complex oases, arranged 
in a series of Tables by F. W. Griffin, PhJ)., 
Director of the Bristol School of Chemistiy, ob- 
lone 4to, half-bound, 12s ; or mounted separately 
on uiick boards, and strongly Yarmshed, 12s. 
*'A kboretoiy will henoefbrth be sbaolnftely inoomplete without 
these invaluAble Tables.'.'— CA^buC. 

COTTON CULTIVATION.— 

Cotton Cultivation in its various details, the 
Barrage of Great Bivers, and instmctioiis for 
Irrigating Embanking, Draining, and Tilling 
Land in Tropical and other Countries possessing 
high thermometrio temperatures, especially 
adapted to the improvements of the cultural 
soils of India, by Joseph Gibbs, Member Insti* 
tute Civil Engineers, with 5 plates, crown 8vo» 
do^ 7s. 6d. 

COTTON SUPPLY.— 

Considerations relative to Cotton Supply, as it 
was, as it is, and as it might be,by Joseph GKbbs, 
Member Institute Civil Engineers, 8vo, sewed, Is* 

EAETHWOEK TABLES.— 

A general sheet Table for facilitating the Caleu* 
lation of Earthworks for Hallways, Canals, &e., 
by F. Bashworth, M.A., on a large sheet, 6d. 

EAETHWOEK TABLES.— 

A general Table for facilitating the Calculation 
of Earthworks for Eailways, Canals, &c., with a 
Table of Proportionate Parts, by Francis Bash- 
worth, M.A., Fellow of St. John's College, Cam- 
bridge, in 8vo, cloth, with mahogany sliae, 48. 

" This little volume should become the hand-book of evciy person 
whose duties require even occasional calculations of this nature ; were 
it only that it is more extensively applicable than any other in exist- 
ence, yre could cordially recommend it to our readers, but when they 
learn that the use ol it involves only half the labour of all other Tablei 
constituted for tlie same purpose, we offer the stroneest of all reoom- 
inendatioii8,that founded on the value of time." — Mechanics' Moffoxine, 
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E. & F. N. Spo27, 16, Bt7CK£BB3Bubt, Lo2n>oir. 

ELECTEICITT.— 

Scientifio Beaearches, experimental and theo* 
retioal, in Electricity, Magnetism, Galvanism, 
Electro-Magnetism, and Electro-Chemistry, illus- 
trated with engravings, by William Sturgeon, 
royal 4to, doth, 21b. 

ELECTEICITT.— 

A Treatise on the Principles of Electrical Accu- 
mulation and Conduction, Dy F. C.Webb, Associate 
Institute Civil Engineers, part I, crown 8vo, doth, 
3b. 6d. 

ELECTRO-METALLURGT.— 

Contributions towards a History of Electro- 
Metallurgy, establlBhing the Origin of the Art, 
by Henry Dircks, crown 8vo, dom, 4s. 

EMBEOIDERY.— 

The Embroiderer's Book of Design, containing 
Initials, Emblems, Cyphers, Monograms, Orna- 
mental Borders, Eodesiastical Devices, Mediadval 
and Modem Alphabets and National Emblems, 
collected and engraved by F. Delamotte, royal 
8vo, oblong, in illuminated boards, 2s. 6d. 

ENGINEERS' POCKET-BOOK.— 

A Pocket-Book of useful Formulas and Memo- 
randa for Civil and Mechanical Engineers, by 
Guilford L. Molesworth, Member Institute Civu 
Engineers, Chief Resident Engineer Ceylon Rail- 
way, second edition, royal 32mo, roan, 4s. 6d. 

''Mr. Molesworth has done the professioii a oonnderable and lasting 
benefit by publishing his veiy excellent Pocket-Book of Engineering 
VormiHtd. What strikes us first is, the the very convenient size and 
ibrm of the book adopted by the author, and next in glaodng over 
its contents we are pleased to find ma^ really useful things not found 
elsewhere in any Engineering Pocket-Book. Mr. Molesworth's treat- 
ment of Hydraulics and Hydro-Dynamics, and Motive Power generally, 
is excellent To the latter branch of his subject Mr. Molesworth has 
evidently devoted considerable attention, and his collection of formulss 
will be found most usefuL But to stop to detail eveiything that is 
^ood and useful in tliis book would be nearly equal to re-printing a 
list of its oontents."— ^rtizoH, April, 1863. 
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ENGINEEES' PEICE BOOK.— 

Appleby's niustrated Hand-Book and Price Cur- 
rent of Machinery and Iron Work, with Tarions 
useful Tablea of Beference, compiled for tlie use 
iif EDgineera, Contractora, Builders, Bntisli and 
^'oreign Merchants, &c., 8vo, cloth, 2b. 6d. 

FEENCH CATHEDRAIS— 

Freneh Cathedrala, by B. Winkles, from drawings 
taken on the spot by B. Garland, Architect, with 
an historical and descriptiTe account, 60 plate«i 
4to, doth, IBs. 

yOl-D-BEAETNG STRATA.— 

On the Gold-bearin? Strata of Merionethahir^ 
by T. A. Eoadwin, F.G.S., 8to, sewed, 6d. 

nOltOLOGT— 

Ilorological Journal, established for promoting 
the science and practice of Horology, publi^ed 
by the British Horological Institute, fi«m tbe 
commencement to June, 1863, 5 Tolfl, royal 8to, 
cloth, 25b. 

IIYDEAUIJCS.— 

Tredgold'a Tracts on Hydraulics, oontainiw 
Smoaton's experimental Papers on the Power dt 
Water and Wind to turn Mills, 4c., &c., Venturi'a 
Experiments on the Motion of Fluids, and Dr. 
Young's Bnmmary of Praotioal Hydraulics, 
plates, royal 8vo, boards, reduced to 68. 

ILLLTHNATION.— 

A Priuit^t of the Art of Illumination, for the use 

of bcgijiners, with a rudimentary treatise on the 

art, practical directions for its ezercise, and oi- 

anipleH fciicn from Illuniinatcd MS8. in gold and 

coloura, by F. Delamottu, small 4to, cloth gilt^ 9b. 

" ilodestl; called a Primer, this lillle bock luu a ead title to bs 

I'^ivcmed a maunal and giiide-bcxA in the Btndj and practice' of the 

diflcreat styles of omunental lettering used by tiie anistie tranGcribets 

»r past ccniuriei. . . . An amateur may, with this silent preceptor, 

I .-urn the whole nt and my itery of iUmttiiiatioa." — SjitelaUr, 
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E. & F. N. 8pon, 16, BucKLERSBtJ&T, London. 

ILLUMINATION INITIALS.— 

Medieeval Alphabets and Initials for Hlmninators, 
by F. G-. Delamotte, Esq., with an Introduction 
by J. Willis Brooks, printed in gold and colours, 
small 4to., doth gilt, Gs. 

lEON BKEDGES.— 

Diagrams to facilitate the Calculation of Iron 
Bridges, by Francis Campin, O.E., folded in 4to 
wrapper, 2s. 6d. 

lEON BRIDGES.— 

A complete Treatise on Cast and Wrought Iron 
Bridge Construction, including Iron Foundations, 
in three parts, theoretical, practical, and descrip- 
tive, by William Humber, Associate Institute 
Civil Engineers, and Member of the Institution, 
of Mechanical Engineer^i, 2 vols, imperial 4to, 
containing 80 double plates and 200 pages of 
text, an entirely new work, £6 16s. 6d. 

IRON BRIDGES.— 

A practical Treatise on Cast and Wrought Iron 
Bridges and Girders as applied to Railway Struc- 
tures and to Buildings generally, with numeroua 
examples drawn to a large scale, selected from 
the Public Works of the most eminent Engineers, 
with 58 full-page plates, by William ffu mh y^ 
Associate Institute Civil Engineers, and Mesffllr 
of the Institution of Mechanical Engineers, im« 
perial 4to, half bound in morocco, £3 lOs. 
" Mr. Humberts admirablo work on Iran Bridges.', — 7^ TVmet. 

IRON MANUFACTURE.— 

The Iron Manufacture of Great Britain theo- 
retically and j^ractioally considered, including 
descriptive details of the Ores, Fuels, and Fluzes 
employed, the raelimina xy operation of Calcina- 
tion, the Blast, Kefining and Puddling Fumaoes, 
Engines and Machinery, and the various pro- 
cesses in Union, &o., by William Truran, C.E., 
formerly Engineer at the Dowlais Iron Works, 
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under the late Six John Guest, Bart., subsequently 
at the Hirwain and Forest Works under Mr. 
Crawshay, second edition, revised from the manu- 
script of the late Mr. Truran by J. Arthur 
Phillips, author of " A Manual of Metallurgy," 
** Becords of Mining," &c., and W. H. Dorman, 
C.E., royal 4 to, doth, illustrated by 84 plates of 
Furnaces and Machinery, £3 10s. 

'*It has seldom fallen to oar lot to introduce to the notice of tbe 
scientific public a more valuable work than this. It is eridently the 
resnlt of long, careful, and practical observation, and it forms at once 
« glorious monument to the memorv of its author, and an exoelleot 
l^ide to those who are directly or indirectly interested in the great 
subject of which it treats." — Mtchanic*' Magazine, September, 1862. 

JONATHAN HULLS.— 

A description and draught of a new invented 
Machine for carrying Vessels or Ships out of or 
into any Harbour, Port, or Hiver, against Wind 
and Tide, or in a talm, by Jonathan Hulls, 1737, 
reprint in fsu^-siniile, 12iuo, half morocco, reduced 

to 28. 

LIFE CONTDSraENCIES.— 

A Brief View of the Works of the earlier eminent 
writers on the doctrine of Life Contingencies, by 
Thomas Carr, 8yo, sowed, Is. 

LOCKS AND SAFES.— 

A Treatise on Fire and Thief-proof Depositories 
and Locks and Keys, by George Price, in one 
large vol. (916 pages), with numerous wood- 
engravings, 8vo, cloth gilt, 5s. 

LOCKS AND SAFES.— 

A Treatise on Qxinpowder-proof Locks, Gun- 
powder-proof Look Chambers, Drill-proof Safes, 
Burglars' methods of opening L*on Safes, and 
the various methods adopted to prevent them; 
why one maker's safes are better ihan another's ; 
the Burnley Test, its history and results, by 
George Price, author of ^'A Treatise on Fire and 
Thief-proof Depositories and Locks and Keys," 
demy 8vo, doth, with 46 wood-engravings, Is. 



E. & F. N. Spoit, 16, BuoEXBBSBUBY, London. 

MAEINE STEAM ENGINE.-- 

A Catechism of the Marine Steam En^ne, for 
the use of young Naval Officers and outers, by 
Thomas Miller, Captain E.N., P.E.G.S, F.S.A., 
12mo, doth, 2s. 

MECHANICAL DEAWINQ.— 

An elementary Treatise on Ortiiogpaphic Projec- 
tion, being a new method of teaching the Science 
of Mechanical and Engineering Drawing, in- 
tended for the instruction of Engineers, Architects, 
Builders, Smiths, Masons, and Bricklayers, and 
for the use of Schools, with numerous illustrations 
on wood and steel, by William Binns, Associate 
Institute Civil Engineers, Master of the Mechani- 
cal Drawing Class at the Department of Science 
and Art, and at the School of Mines, late Professor 
of Applied Mechanics at the College for Civil 
Engineers, &c., second edition, 8vo, cloth, 9s. 

''Mr. Binna has treated his subject in a practical and masterly 
manner, avoiding theoretical disquisitions on die art> and giving dii^ 
mid applicable examples, advancing progressivelj from the correct 
orthographic projection of the most simj^le to the most complex format 
^us oearing away the mist from the mind of the student, and leading 
him gradoally to a correct and thorough appreciation of what he has 
tind^taken, and to that which it ii his desire to attain." — TTie Artizan, 

MODEEN ALPHABETS.— 

Examples of Modem Alphabets, plain and orna- 
mental, including German, Old Engliiah, Saxon, 
Italic, Perspective, Greek, Hebrew, Court Hand 
Engrossing, Tuscan, Biband, Gothic, Bnstic, and 
Arabesque, with several original designs, and an 
analysis of the Boman and Old English.Alphabets, 
for tiie use of Draughtsmen, Masons, Decorative 
Painters, Lithographers, Engravers, Carvers, 
Schools, &c., collected and engraved by F. Dela- 
motte, royal 8vo, oblong, dom 4s. 
''To artists of all classes, bat more especially to architects and 
•engniTerSy this very handsome book will be invaluable." — Standard, 

MODEEN ENGINEEBIN6.— 

A Eecord of the progress of Modem Engineering, 
comprising Civil, Mechanical, Marine, Hydraulic, 
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Bailway, Bridge, and other Engmeerin^Works^ 
with Essays and BeviewB, edited by W. Hiimbto, 
ABSociate Institute Civil Engineers, and Member 
of the Institution of Mechanical Engineers, pub* 
lished monthly, P^ice to subscribers, payable in 
advance, £2 2s. ^lach part contains 3 large plates 
and 4 pages of text. Each year will form a com> 
plete volume. 

MINING.— 

Beoords of Mining and Metallurgy, or Facts and 
Memoranda for the use of the Muie A^nt and 
Smelter, by J. Arthur Phillips and J<mn Dar- 
lington, in crown 8vo, doth, illustrated by wood 
engravings by F. Delamotte, reduced to 4s., in 
boards 3s. 

OBLIQUE BEIDGES.— 

A practical Treatise on the Construction of Oblique 
Bridges with spiral and with equilibrated courses, 
with 12 plates, containing 100 fig^ures, by Francis 
Bashfortik, M.A., Fellow of St. John's College, 
Cambridge, 8vo, doth, 6s. 

ORNAMENT.— 

The Book of Ornaments of every style applicable 
to Art and Industry, for the use of Lithographers, 
Engravers, Silversmiths, Decorators, and other 
Art- Workmen, by Jos. Scheidel, 5 numbers at 
Is. 6d. each. 

ORNAMENT.— 

Gleanings from Ornamental Art of every style, 
drawn from examples in the British, South 
Kensington, Indian, Crystal Palace, and other 
Museums, the Exhibitions of 1851 and 1862, and 
the best English and Foreign Works, in a series 
of 100 plates containing many hundred examples, 
by E. Newbery, 4to, doth, 30s, 

PERPETUAL MOTION.— 

Perpetuum Mobile, or Search for Self-motive 
power during the 17th, 18th, and 19th centuries. 
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illustrated from various authentic sources in 
papers, essays, letters, paragraphs, and niunerous 
patent spec&cations, with an introductory essay 
by Henry Dircks, C.E., with numerous engravings 
of machines, crown 8vo, cloth, lOs. 6d. 

** A curious and interesting work." Mr. Dircks' chief purpose was 
to collect together all the materials requisite to form a record of what 
luis been done, or attempted, rather, m this carious branch of qittui 
science, and most instructive in one sense it is. Mr.* Dircks' volume is 
-well worth looking into; it contains a va^t deal of entertainmg matter. 

ILVILWATS.— 

Bailway Practice, a collection of working plans 
and practical details of construction in the Public 
Works of the most celebrated Engineers, com- 
})ri8ing Beads, Tramroads and Bailways, Bridges, 
Aqueducts, Viaducts, Wharfs, Warehouses, Boof^ 
and Sheds, Canals, Locks, Sluices, and the various 
works on Bivers, Streams, and Harbours, Docks, 
Piers, and Jetties, Tunnels, Cuttings, and Em- 
bankments, works connected with the drainage of 
Marshes, Marine Sands, and the Irrigation of 
Land, Water-works, Gas-works, Water-wheels, 
drills. Engines, &c., by S. C. Brees, C.E., text in 
4to, with 279 plates in folio, togethor 2 voLa. half- 
bound morocco, £3 10s. 

EAILWAY MASONBY.— 

The Guide to Bailway Masonry, containing a 
complete Treatise on the Oblique Arch, by Peter 
Nicholson, third edition, revised by B. Cowen, 
C.E., with 42 plates, 8vo, doth, 9s. 

HOPEMAKING.— 

A Treatise on Bopemakin^ as practised in public 
and private Eope-yards, with a description of the 
manufacture, rules, tables of weights, &c., adapted 
to the Trade, Shipping, Mining, Bailways, Builders 
&c., by B. Chapman, formerly foreman to Messrs. 
Huddart and Co., Limehouse, and late Master 
Bopemaker of H.M. Dockyard, Doptford, ISmo, 
cloth, 2s. 



List of Books Fubushed bt 

SCREW CUTTING.— 

8orew Cuttiiif Tables for the use of Mechanical 
Engineers, lowing Uie proper arrangement of 
"Wheels for cutting the threads of screws of an^ 
required pitch, viui a Table for making the Uni* 
versal Gas Pipe Threads and Taps, by W. A. 
Martin, Engineer, royal 8to oblong, doth Is., 
sewed 6d. 

SOEEW PROrELLER.— 

The Screw Propeller, what it is and what it ought 
to be, by B. Griffiths, 8to, sewed, 6d. 

SOCIETT OF ENGINEERS.— 

Transactions of the Society of Ehigineers, 1860 to 
1363, plates, 12mo, sewed, 7b. 6d. 

STEAM BOILEEfl.— 

The Modem Practice of Boiler EugineeriD^ con- 
taining obaerrationB on the Construction of Steam 
Boilers, and remarks upon Fumaoes used for 
Smoke PreTention, with a chapter on Explosionfi, 
by Robert Armstrong, O.E., revised with the 
addition of Not«s and an Introduction, by John 
Bourne, Esq., with engraTings, fcap. 8to, cloth, 2s. 
" nie collected ezpoience of a practical Engineer, who, for tUrtf 
yean of liiii Ufi^ bi« directed his attention lo the constrocCioti of Steaii^ 
Boilen and Funiaeei, is a valaable additioD to ttw stock of En^neering 
knowledgo, and it wiU be eenenUj more appreciated becaaM it ia n»- 
denaed widiinBomuJlavSuineaa the (mo before ni." — Cieti Enginttr 
tad ArehUeef* Journal, 

STEAM ENGINE.— 

The Steam Engine for Practical Men, conbuning 
a theoretical investigation of the several roles 
given in the work, and several useful Tables, by 
James Hann, A.I.C.E., and Flocido and Justo 
Genet, Civil Engineers, 8vo, cloth, 9b. 
To the practical and sdentilic Engineer, and to the Asnstant 

Engineer, who aspires to pass his examination for chief with credit lo 

hinuelf and the Serricc, we can ccrdiallj' reeommend the vrotk." — 

TTu Naatical Standard. 



/ 



1 



L 



E. & F. N. SpOW, 16, BUCKLEBSBUBY, LoNDOK. 

SUOAB MACHINEET.— 

Sugar and Machinery, by N. P. Burgh, Engineer^ 
wiui 16 plates drawn to a large scale, royal 4to, 
doth. 

fiUEVEYING.— 

An Introduction to the present practice of Sur- 
yeying and Levelling, being a plain explanation 
of the^Bubject and of the instruments employed, 
illustrated with suitable plans, sections, and 
diagrams, also with engravings of the Field 
Instruments, by S. C. Brees, O.E., 8yo, doth, 3s. 6d. 

SUEVEYINa— 

A Practical Treatise on the science of Land and 
Engineering Surveying, Levelling, estimating 
quantities, &c., with a general description of the 
several Instruments required for Surveying, 
Levelling^, Plotting, &c., and Illustrations and 
Tables, by H. S. Merrett, royal 8vo, doth. 

TUEBINE.— 

A practical Treatise on the construction of the 
Turbine or Horizontal Water-wheel, with seven 
plates s^edaUy desimed for the use of operative 
Mechamcs, by Wimam CuUen, Millwright and 
Engineer, 4to, sewed, 6s. 

TUENING.— 

Turners' and Fitters' Pocket-book for calculating 
the change wheels for screws on a Turning Lathe, 
and for a Wheel-cutting Machine, by J. La Nicca, 
18mo, sewed, 6d. 

TTJENINa— 

The practice of Hand-turning in Wood, Ivoiy, 
Shell, &c., with Instructions for turning such 
works in Metal as may be required in the practice 
of Turning in Wood, Ivory, &c. ; also, an Appen- 
dix on Ornamental Turning, by Francis Campin, 
with wood engravings, crown Svo, cloth, 6s. 

Lo2nx)K: E. & F. N. Spon, 16, Bucklebsbxtry. 



Ju»t PuUUhei, royd 4lo, cloth, liluHraitd hy 84 Pla$es o/ Fumarm^ 

and Machinery, price £S lOt., 

THE IRON MANUFACTURE OF 
GREAT BRITAIN, 

THEORETICALLY AND PRACTICALLY CONSIDERED ^ 

Inclnding DescriptiTe DctaUs of the Ores, Fuels, and Flaxes employed ;^ 
the Preliminaiy Operation of Calcination; the Blast, Refiniog^'ond 
Puddling Furnaces i Engines and Machinery; and the yarioua Pro- 
cesses in Union, &c. 

By WILLIAM TBUBAN, CX., 

ToAnolj Engineer at the Dowlels Iron Works, under the late 8tr John Oneet, Bart.,, 
•obeeqiiently ait the Rlrweln and Foreet Works, under Hr. Crawshaj. 

SECOND EDITION. 

Berised fh>m the manuscript of the late Mr. Truran, 

By J, ARTHUR PHILLIPS, 
AnUior of *'A Manual of MetaUoiiy,'' **Beoord8 of Mining,*' &o s 

Aim 
W. H. DORMAN, C.E. 

OPZNX0K8 OF THE P&BSS: 

*The book treats of erary detail oonneoted with the arrangement, section, anf 
IMractical management of Iron Works, in the moet mlanto and carefal manner; and ' 
Cba TarloQS oree and the materials emp'.oyed in reducing the ores, and in prodndnr 
the metal in its yarioas stages ap to the finished metal— In the ft>nn of Ralls, Mer- 
chant UaiB, Rods, Hoops, and Platee— are roost thorooghly and sclontiflcalljr dealt 
with, and In the most intelligible manner brouf ht befiire tha reader."— Arfuoa^ 
October, IMS. 

** The moat complete and practical treettM npon the Metallurgy of Iron to be fovnA 
la the English language."— CW/iVry Guardian, NoramlMr 89, 1868. 

** Mr. Truran's work is really the only one deccrrtng the name of a treatl e n:o» 
and text-book of the Iron Manufsctnre of the Kingdom. It glrea a moat com* 
yrdiensive and minote exposition of present practice, if the term may be ai^eff 
to Iron Manutectnre as distinguished from trietly prufessonal subjects, na 
anthor does not go out of his wsy to theorise upon liow Iron should or may be 
made, but he describes how it is made in all the Iron Districts of the kinjrtom — 
Engineer, December 86, 1888. 

** It has seldom fallen to our lot to introduce to the notice of the icientlflc pabtle 
a more valuable work than this. It is evidently the result of long, carefbl, and 
practical obsenratlon, and It forms at once a glorious monument to the memoiy of 
Its anthor, and an excellent guide to thoM who are directly or indirectly interested 
In tlie great subject of which It treats."— ifecAoiiic/ Jfofftubte, September 26, 1863. 

« To the valuable character of Mr. Truran's work we fully lel e i red npon th» 
^Ulcation of the first edition, and we cannot B«y more in praise of the very 
liandaome volume befora ua, than that whatever inforntatlon was wanting in tha 
former has now been carefully »upplle<*, and that ihe whole work appear* to hav* 
liaen sut^ected to an amount of careful revision which has rendered It as near aa 
nay be perfect, and consequently gives It a Just claim to the highest position as a 
atandard work upon the Metallurgy of the Metal of which it treats. Sdentifie 
knowledge and prsctical experience have been brought to boar In lis prodnetloa* 
smd all the valuable elements of each have been most Jndictously comUned.**— 
JfMng Journal, September 80, 1863. 

London: S. and F. N. SPOIT, 16, Badklenbiuy. 
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